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ABSTRACT 
The Bullion Creek Formation (Paleocene) in North 
Dakota is part of an Upper Cretaceous to Eocene wedge of 
siliciclastic rocks formed during uplift associated with 
the Laramide Orogeny . The Bullion Creek Formation consists 
predominantly of mudrocks , with fine-grained sandstone, 
lignite , and rare limestone lenses . Previous workers have 
postulated combinations of fluvial and lacustrine 
depositional environments for the rocks . 
The study area covers 15 square kilometres in the 
badlands of the Little Missouri River in western Billings 
County , North Dakota, where approximately the upper 75 
metres of the Bullion Creek Formation ls exposed. Twenty-
nine stratigraphic sections were measured and f 1 ve 
lithologies distinguished: sandstone , mudrocks , lignite , 
limestone, and marl stone . Because the sandstones contain 
the most features that are environmentally sensitive , 
special emphasis was placed on their description . 
On the basis of sedimentary structures and external 
morphology, five types (A-E) of sandstone bodies were 
recognized. Type A sandstone bodies are relatively thick 
and lenticular in cross-section. These bodies represent 
channel-fill deposits of low-sinuosity streams . Type B 
sandstone bodies are thin and tabular , and were probably 
deposited as crevasse splays, presumably from the channels 
responsible for the type A sandstone bodies . 
one type C sandstone body . This body 
xi 
There is only 
was probably 
deposited as a delta that filled in a small lake . There is 
only one type D sandstone body ; it is tabular and 
continuous over the entire study area . This sandstone body 
is believed to represent a broad shallow delta, deposited 
in to a large swamp or shallow lake . Type E sandstone 
bodies include all sandstone bodies that are too poorly 
indurated to be ascribed to one of the other types . 
Mudrocks of both fluvial and lacustrine origin were 
recognized as well as lignites that are believed to have 
formed in association with fluvial systems . Lower portions 
of the exposure in the study area are characterized by 
thin, broad , beach deposits, formed as a large lake 
regressed. Following this , fluvial systems migrated over 
the exposed lake plain , forming broad backswamps that 
contained abundant small lakes and ponds. Considerable 
reworking of deposits occurred during this time , as the 
fluvial systems migrated back and forth across a very low-
relief setting . The end of time represented by the Bullion 
Creek Formation was characterized by vast swamps and 




The Bullion Cr eek Formation {Paleocene) is a continental 
unit within the Williston Basin of North Dakota . The unit 
is composed primarily of poorly lithified, fine-grained , 
elastic beds, representing a continuum from claystone to 
sandstone , together with lignite and discontinuous 
limestone lenses. The preservation of sedimentary 
structures, biota , and other sedimentary features i s 
generally poor ; although, locally , excellent exposures 
occur . 
The unit occurs, within North Dakota , as the bedrock 
in a band encircling the center of the Williston Basin 
{Fig . 1) . The majority of the unit is covered by younger 
Tertiary strata or by glacial drift, but exposures exist in 
the southwest corner of the state and in smaller areas 
along the eastern and western flanks of the Williston 
Basin. Excellent exposures exist along the Little Missouri 
River. The unit is approximately 200 metres thick near the 
middle of the basin and about 50 metres thick around the 
south and east edges of the basin . 
Regional Stratigraphy 
The Bullion Creek strata of North Dakota were first 
included in strata referred to as the Great Lignite Group , 
a general name for the lignite-bearing strata of the 
northern Great Plains. Meek and Hayden (1862) renamed the 




Bedrock map of the Bullion Creek Formation 
(shown in stipple) in North Dakota. 















Union (now Buford) North Dakota. From that time onward, 
the nomenclature and subdivision of the units have 
undergone many revisions. Carlson ( 1983) offered a good 
review of the history of the nomenclature . 
abbreviated history of the major changes . 
Figure 2 is an 
The nomenclature used for this investigation is that 
proposed by Clayton and others ( 1977) , whereby the Fort 
Union Group is composed of the Ludlow, Cannonball, Slope, 
Bullion Creek , and Sentinel Butte Formations, in ascending 
order (Fig . 3) . The United States Geological Survey 
recognizes the Fort Union as a formation and the Ludlow, 
Cannonball, Tongue River (equivalent to the Slope and 
Bullion Creek Formations), and Sentinel Butte as members . 
Structural Setting and History 
The Williston Basin is a structural basin which 
contains sedimentary rocks of Cambrian through Quaternary 
age; the total thickness of these rocks in the state is 
about 16,000 feet (4900 metres) (Gerhard and others, 1982 , 
p. 990) . The basin covers parts of North Dakota, South 
Dakota, Montana, Saskatchewan , and Manitoba (Fig. 4). 
During the Late Cretaceous to Paleocene , uplifts associated 
with the Laramide orogeny in the Rocky Mountains to the 
west shed elastic sediments into the Williston Basin and 
across the surface of preexisting rocks of the basin. 
Purpose and Study Area 
The purpose of this study is to describe a small area 
in detail , to distinguish the individual origins (whether 
5 
Figure 2. Chart showing the history of the major 
nomenclature revisions for the Fort Union 
strata : A. first recorded descriptions and 
use of the Fort Union name, Meek and Hayden 
(1862) ; B. Leonard (1908); C . Thom and Dobbin 
(1924); D. Dorf (1942); E . Laird and Mitchell 
(1942); F . Hickey ( 1967) ; G. Royse (1967); H. 
nomenclature used in this study, Clayton and 
others ( 1977) . 
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Figure 3. Terminology of Paleocene stratigraphy in North 
Dakota : a) North Dakota Geological Survey and 
this study, b) United States Geological 
Survey. 
8 
North Dakota Geological United States Geological 
Survey; . this study Survey 
a, 
C 
Q) Golden Volley Fm. Golden Valley Fm. (.) 
0 
LLJ -
Sentinel Butte Fm. Sentinel Butte Mbr. 
C: 
Q, 0 
:::, -0 C 
a, ... E (!) ... 
C Bullion Creek Fm. ~ Q) C: 
(.) 0 C: Tongue River Mbr. 
0 C: 0 
Q) ::> ·2 - - Slope Fm. ::> C a.. if -... 
Ludlow Fm. 5onnonboll 
if 











Figure 4. Map showing the location of the Williston 
Basin in north-central United States and 
south-central Canada. Shape of basin from 
Laird (1956, p . 16) . 
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lacustrine or fluvial) for the different lithologies, and 
to combine the individual origins together into a overall 
depositional model . The depositional environment of the 
Bullion Creek Formation has been the goal of studies by 
numerous investigators, looking at the different aspects of 
the rocks (paleontology, sedimentary structures, grain 
size) . Table l is a brief review of the previous 
investigations on the Bullion Creek Formation that are 
germane to this study. The study area includes 
approximately fifteen square kilometres in the badlands of 
the Little Missouri River in western North Dakota (Fig. 5) . 
The area is located just north of the South Unit of 
Theodore Roosevelt National Park in western Billings 
County . Approximately the upper 75 metres of the Bullion 
Creek Formation are well exposed in this area. This study 
area was chosen for its position between recent previous 
investigations of Wallick (1984) to the north and, Warwick 
(1982) and Jacob (1973, 1976) to the south; and because of 
adequate exposure of the upper part of the Bullion Creek 
Formation. 
Methods 
Twenty-five stratigraphic sections of the Bullion 
Creek Formation were measured, using a Jacob's staff and 
hand level. The sections ranged from 17 to 93 metres 
thick, were chosen for good exposure and so as to cover the 
study area as uniformly as possible (Fig. 5) . Sandstone, 
mudrock, lignite, limestone, and marlstone 10 centimetres 
12 
TABLE 1 
CXMPIIA'.l'ION OF aJNCLUSIONS DRAWN 8Y PREVIOUS ~RKERS 
rn THE BULLICN CREEK FOIM\TION . 
SOOECE OF DATA PROPOSED FroPOSED SUBENVImN-
DEPOSITIONAL DEPOSITIONAL MENTS 
SETl'lliG ENVIroNMEN'l' IDENl'IFIED 
Hansm (1955) field none put lacustrine none 
descriptions, forth setting based on 
cross-sections, field 
invertebrate descri~tions, 
fossils fluvia settini 
based oo fossi s 
Royse (1967) field none relatively stable channel, 
descriptions, postulated fluvial systems fl~in, 
sandstone fl in 
textural 
properties 
crawfotd ( 1967) field flat coastal daninantly none 
descriptions plain anastarosing 
fluvial, minor 
lacustn.ne 
Deliroata ( 1969) rrolluscan none relatively stable none 
fossils postulated fluvial systems 
Jacob (1973, field lOl-ler low-sinuosity channel, 
1976) descriptions, suba.real part rivers , high levee, 
cross-secticnS of a high sinuos1.ty crevasse 
constructive meandering rivers ~~ deltal marine lain 
F913 , acus rine 
(1976) 
Hanish (1975) drill hole same as Jacob 
cuttings, field (1973 , 1976) 
descriptions 
same as Jacob 
(1973, 1976) 
same as Jacob 
(1973, 1976) 
Rehbein (1978) -...ell logs alluvial meandering int bar 




TABLE 1 (continued) 
a::ME'I!Al'ICN OF OJNCLUSIONS DRAWN BY PREVIOUS ~RKERS 
m 'Il!E: BULLION CREEK fOR-1ATICN. 










none postulated none 
postulated 
Lepp (1981) field ~per delta highly stabilized fluvial 
descriptions, ~ aJ.n to rreander telt channels , 
cross-sections lluvial a::rnplex crevasse 
plain splays,. lacustrJ.ne 
backswamp 
Melchoi.r and vertebrate none fluvio-lacustrine teach 
Erickson (1979) fossils postulated lacustrine, 
descriptions of fluvial 




Winczewski well cuttings, none fluvial none 
(1982) well logs postulated postulated 
Wan.ick (1982) field l~r meandering channels, descriptions, a luvial to fluvial system crev.:i.sse 
cross-sections u~per delta with lacustrine ~~lain p a.in daninated 
floodplain 
Wallick (1984) field none daninantly lacustrine 
descriptions, postulated lacustrine with dep:,sits! 




thick or thicker were identified as distinct beds . 
Lithologies were classified using a simple scheme (Blatt, 
Middleton, and Murray, 1980, p. 382) that makes the 
distinct ion be tween different types of mudrocks based on 
estimated percentages of silt. Those rocks with fissility 
are referred to as shales (ex . mudshale), and those lacking 
fissility are referred to as "stones" (ex . mudstone). 
Observations made on the lithologies included color (G.S.A. 
rock color chart, Goddard and others , 1948), sedimentary 
structures, fossils, and other observable features. 
Paleocurrent directions are expressed as an angle measured 
clockwise from due north. In some cases, the lateral 
extent of the 11 thologies could be determined by walking 
out the beds. Unfortunately, the study area encompasses 
three separate drainage systems into the Litt le Missouri 
River, and correlation between exposures in the three 
drainage systems in the field was virtually impossible. 
Stratigraphic cross-sections (Figs. 46-48) were constructed 
using a continuous sandstone near the top of the Bul 1 ion 
Creek Formation as a datum. Correlation in the laboratory 
was accomplished with the best-fit method by sliding scale 
diagrams of measured stratigraphic columns along each other 
until the most conspicuous match of lithologic units 
identified in the field was found. The best-fit method was 
used to allow for compactional and minor structural 
variations between measured sections. 
15 
Samples of sandstone and coarse siltstone were 
collected for textural analysis . The rocks are generally 
poorly lithified and were easily desegregated using an 
Branisonlc B-12, ultrasonic cleaner . Settling velocity 
distributions were obtained using a settling-tube similar 
to that of Gibbs (1974). 
Some indurated samples were impregnated with epoxy 
and thin sections were made for mineralogical 
identification . These thin sections were point-counted 
under a light microscope to obtain the mineralogy and 
classify the rocks . Four hundred point counts were made on 
each of nine thin sections collected from sandstones at 
different localities in the study area . The mineralogy of 
the grain was determined, and the distinction between 
cement, grains, and matrix was made, at each different 
point . 
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Figure 5 . Map showing location of study area and 
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LITHOLOGIC DESCRIPTIONS 
Poor induration and fine grain size of Bullion Creek 
strata result in a lack of obvious distinction between 
lithologies. This lack of distinction between lithologies , 
combined with weathering features, made field description 
of rock units difficult, and often very subjective. 
Especially difficult was distinguishing between sandstones 
and siltstones , and mudstones and siltstones. For this 
reason, sandstones and siltstones were dealt with as one 
lithology, and all the mudrocks were considered one 
lithology . 
In all, the lithologies were divided into five major 
lithologic types for purposes of discussion. These were 
sandstone (including siltstone), mudrock, lignite , 
limestone , and marlstone. 
Classification of cross-stratification in the study 
area was accomplished using a combination of classification 
schemes . An attempt was made to arrive at a simplistic 
classification that would descriptively separate different 
types of cross-stratification. The cross-strata were 
described on the basis of length and thickness of sets 
(McKee and Weir, 1953). Sets with a thickness greater than 
5 cm were called cross-bedding and those with a thickness 
of less than 5 cm were called cross-lamination . A figure 
of 5 cm was chosen based on the observations of Allen 
(1963 , p. 98) , who considered 5 cm to be a "natural limit 
between two magnitudes of cross strata". The sets were 
18 
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divided into small-scale (those less than 30 cm long) and 
medium-scale (those greater than 30 cm long) following the 
practice suggested by McKee and Weir (1953) . 
The terms tabular and trough were used to describe the 
shape of the cross-strata (both cross-lamination and cross-
bedding). Tabular refers to cross-strata with parallel 
inclined foresets and trough refers to cross-strata with 
concave-upward laminations. The cross-strata were also 
separated into supercritical and subcritical cross-
lamination according to their angle of climb (Hunter, 
1977) . Figure 6 illustrates the classification used . The 
other major type of stratification found was planar 
stratification . This refers to sets of laminae of 
sand-sized material which are horizontal (Harms and 
Fahnestock, 1965). 
Sandstone 
The sandstone and siltstone were divided into four 
types (A-D) of bodies based on thickness, lateral extent , 
and sedimentary structures (Table 2) . The mineralogical 
classification of the sandstones (based on point count 
data, see Table 3) using Folk's (1980) scheme is a 
calclithite. The amount of calcite cement observed in the 
thin sections may not be representative of the average 
amount in sandstones within the study area, because only 
indurated sandstones could be thin sectioned. The majority 
of the sandstones in the study area are poorly indurated , 
and only locally cemented with calcite. The sandstones 
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Figure 6. Chart showing the classification of cross-
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range in grain size from fine sand (mean= 2.5 phi), with 
some medium sand (l . 9 phi), to the more common very fine 
sand to coarse silt (mean= 3 . 5 to 4 . 8 phi) . 
Type A bodies 
Type A sandstone bodies are the thickest sandstone 
bodies found in the study area and are typically gray (N7) 
on fresh surfaces to yellowish gray (5 Y 7/2) on weathered 
surfaces. They are lenticular, ranging from 5 . 5 to a 
metres thick at their thickest point, and are approximately 
300 metres wide . In cross section they appear to have 
concave- upward bases and horizontal upper surfaces (Fig . 
7) . The type A bodies occur within the study area about 70 
metres from the top of the Bullion Creek Formation . At one 
locality (near center of section 22) , two type A sandstone 
bodies appear to be stacked and separated by 3 to 5 metres 
of mudstone . Type A sandstone bodies are poorly to 
moderately indurated and weather extensively, commonly 
covering the underlying beds , and consequently are 
typically poorly exposed (Fig. 7). Unfortunately , because 
of the thick deposits of weathered sand below the outcrops , 
there ls no extensive exposure of the lower contact of this 
type of sandstone body within the study area . At some 
localities, carbonaceous mudshales occur directly above the 
sandstone bodies . These mudshales contain abundant 
plant material, and scarce invertebrate and vertebrate 
fossils . 
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Figure 7 . Typical exposure of type A sandstone body in 
the study area. The dashed lines mark the 
upper and lower contacts of the sandstone 
(light area). The sandstone is approximately 
9 m thick (at the thickest point) and is 
located near the center of section 22 . 
Smaller, well-indurated, lenticular bodies 
(marked with arrow) occur along the edges of 
the larger sandstone body. 
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A feature common to all type A sandstone bodies is the 
presence of smaller , well-indurated , sandstone bodies which 
occur at the edges of the main type A sandstone body . The 
indurated smaller bodies can be seen in Figure 7 to the 
left of the main sandstone body . These smaller indurated 
bodies vary from about 0.3 to l m thick and 0 . 5 to 3 m 
wide. Some of the smaller indurated sandstone bodies are 
at least several hundred metres long and are straight . 
They vary in orientation locally by about 20 degrees and 
appear to be elongate parallel to paleocurrent directions . 
These well-indurated bodies occur in a yellowish-orange 
silty mudstone . 
Type A sandstone bodies contain an abundance of 
sedimentary structures ; both cross-bedding and 
cross-lamination are preserved . To describe a typical 
sequence of sedimentary structures for type A sandstone 
bodies is difficult , but some trends in the sedimentary 
struc t ures that were common in all the type A sandstone 
bodies did exist . In all type A sandstone 
bodies where cross - strata are preserved, cross-bedding 
occurs near the base . The cross-bedding is the largest in 
the study area , wi th sets 30 to 40 cm thick . The cross-
beds are commonly tabular to slightly sigmoidal. Figure 8 
shows cross-bedding near the base of a type A sandstone 
body . The tabular cross-bedding is often associated with 
planar stratification, but no parting lineations are 
e v ident . Cross-lamination is also present and is the most 
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common structure near the top of type A sandstone bodies ; 
although one type A sandstone body (near center of section 
22) is completely devoid of preserved cross-lamination. 
Cross-lamination also occurs within, and between, sets of 
cross-bedding. Both super- and sub-critically climbing 
cross - laminations are present in sets typically 2 to 3 cm 
thick. An isolated coset of climbing cross-lamination is 
shown in figure 8 just above the cross-bedding. Within the 
cross-strata, irregular contacts typically separate 
different cross-bed sets. These irregular contacts 
commonly occur near the base of the type A sandstones 
within the cross-bedding, and have a relief of up to 50 cm . 
Frequently the type A sandstone bodies , as shown in Figure 
9 , are structureless just above the irregular contact . 
Other, irregular contacts also occur higher up in the type 
A bodies. In many cases, claystone clasts are present just 
above the irregular contact. Paleocurrent directions (Fig. 
10) are difficult to obtain; but where preservation of 
sedimentary structures is good enough for measurement, the 
direction is parallel to the elongation of the sandstone 
body . 
Another type of sedimentary structure present in the 
type A sandstone bodies is convoluted bedding . Convoluted 
strata occur within both the cross-lamination and 
cross-bedding. Some convolutions are extreme, with relief 
of more than a metre and nearly overturned beds (Fig. 11) . 
Convoluted bedding and planar stratification are the most 
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Fi gure 8 . Tabular to sigmoidal cross-bedding (30 to 40 
cm thick sets), that is overlain by an 
isolated coset of medium scale cross-
lamination. Divisions on scale are dm. 
Location of outcrop is at base of 
stratigraphic section No. 4. 
Figure 9 . Irregular surfaces at the base of a type A 
sandstone body . Relief on the irregular 
contact between the sedimentary structures is 
about 50 cm. The outcrop is located just 
north of the center of section 22 . 
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Figure 10. Rose diagram showing paleocurrent directions 
within the type A sandstone bodies. 
Directional measurements were taken from both 
cross-bedding and cross-lamination. 
32 
Type A Sand stone Bod ies 
N 
n= 7 
0 2 obs. 
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common structures in the well-indurated smaller sandstone 
bodies at the edges of the type A sandstone bodies (Fig . 
12). 
Other features found within the type A sandstone 
bodies include rare pelecypods . Figure 13 shows an 
articulated bivalve in the upper part of a type A sandstone 
body . The sandstone bodies also contain both oval and 
vertical cylindrical ironstone concretions, as well as 
macerated plant material . Unfortunately, no bedding-plane 
surfaces are exposed within the type A sandstone bodies . 
Type B bodies 
Type B sandstone bodies weather yellowish gray (5 Y 
7/2) and are the most common type of sandstone body found 
in the study area. Laterally , they vary in thickness from 
less than a metre up to 5 metres, and they 
characteristically form ledges. They persist laterally for 
up to 3 kilometres , but the majority are l to 2 kilometres 
wide . Figure 14 shows a typical exposure of a type B 
sandstone body. 
The type B bodies are generally the best exposed of 
the sandstone bodies . The quality of exposure varies 
laterally with the degree of induration. The better 
indurated parts of the bodies contain the majority of 
preserved sedimentary structures . Associated with lateral 
change in thickness is a gradational change in the 
prevalent types of sedimentary features present . The 
thicker parts appear to be characterized by different 
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Figure 11. An example of large-scale convoluted bedding 
found within the type A sandstone bodies . 
Relief on the structure is 1.5 m. Outcrop is 
located just north of the center of section 
22. 
Figure 12 . Convoluted bedding in well-indurated 
lenticular sandstone bodies in thinner part of 
type A sandstone body. Sandstone is 1.5 m 
thick. Outcrop is located just north of the 
center of section 22 . 
Figure 13. Articulated bivalve in 
type A sandstone body. 
Outcrop is located near 
line of section 15. 
the upper part of a 
Pencil for scale. 




DIFFERENT FEATURES FOUND IN THE THIN AND THICK 
PARTS OF THE TYPE B SANDSTONE BODIES 
FEATURE THINNER THICKER 
Cross-bedding 
trough N C 
tabular N N 
Cross-lamination 
super critical C R 
subcritical 
small scale trough R C 
medium scale trough C C 
medium scale tabular C C 
Planar stratification C C 
Parting lineations C R 
Convoluted bedding 
type I C R 
type II C C 
Lower contacts 
concave upwards C C 
planar C N 
Sandstone body shape 
tabular C N 
lenticular N C 
Concretions 
spherical C C 
horizontal R C 
vertical cylindrical C C 
Trace fossils 
tracks C N 
burrows C R 
root traces C R 
plant fossils R C 
Fossils 
gastropods N R 
bivalves N N 
fossils C R 
Vertebrate fossils N N 
Claystone clasts N C 




edimentary features than the thinner parts. Table 4 
liststhe occurrence of the most common features in the 
thicker and thinner parts of the type B sandstone bodies. 
The thicker parts of the type B sandstone bodies are 
elongate and lenticular in cross-section. At some 
localities the thicker parts bifurcate at low angles. The 
lower contact in the thicker parts is abrupt, typically 
overlying gray mudstone. Horizontal, irregularly-shaped 
concretions occur directly above the contact. At one 
locality (base of stratigraphic section l), fossil reeds in 
growth position occur with gastropod fossils and claystone 
clasts . 
The thicker parts of the type B sandstone bodies are 
composed of numerous, overlapped, distinct, smaller, 
sandstone bodies separated by discontinuities in 
sedimentary structures or by thin mudstones. In Figure 15, 
a concave-upward contact is shown (near the middle of the 
picture) that separates distinct cosets of 
cross-lamination. 
In the thicker segments of the type B sandstone 
bodies, the most common sedimentary structures are small-
scale trough cross-lamination and planar stratification . 
Some typical examples of small-scale trough 
cross-lamination are shown in Figure 16. Usually, trough 
cross-bedding occurs in the lower two-thirds of the 
sandstone body. Small-scale trough cross-lamination is 
most common near the top, although there is considerable 
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variability between the different localities . At the 
locality shown in Figure 17, planar stratification was 
rare, while at another locality (shown in Fig. 18), planar 
stratification was common and cross-bedding was rare . At 
this latter locality, the planar stratification and 
cross-lamination are interbedded, with abrupt contacts. 
Accumulations of claystone and carbonate pebbles are 
commonly associated with the cross-bedding . Paleocurrent 
directions (Fig . 19) within the thicker parts are parallel 
to the elongate orientation of the sandstone bodies. 
The thinner parts of the type B sandstone bodies are 
tabular sandstones which are composed of stacked smaller 
sandstone beds interbedded with thin mudstones. The 
sandstone beds are stacked vertically and overlap laterally 
to form a seemingly continuous sandstone body. Individual 
sandstone beds within the type B sandstone bodies commonly 
pinch out laterally, typically into a yellowish-orange 
mudshale (Fig. 20). The lower contact of the thinner parts 
of the type B sandstone bodies is abrupt, usually with a 
gray mudstone. At a few localities load compaction 
features between the sandstone beds and mudstones are 
present (Fig. 21). 
The thinner parts of the type B sandstone bodies 
contain some of the best preserved sedimentary structures, 
in the study area. The most common structures, are medium-
scale cross-laminations (shown in Fig . 22). Supercritical 
cross-lamination is locally common. Planar stratification 
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Figure 14. Typical examples of type B sandstone body 
(indicated by arrow) . Sandstone body is 30 cm 
thick . View is to the north in drainage 
located in the northeast quarter of section 
22 . 
Figure 15 . Typical example of thick part of a type B 
sandstone body showing: a) truncation of 
sedimentary structures by overlying cosets of 
cross-lamination,(upper arrow), b) l-2 cm 
mudstone parting (lower arrow) . Scale 
(divisions in dm) is in lower right corner. 
Outcrop is located in the northwest to 
southeast drainage in the northeast quarter of 
section 22. 
Figure 16. Small-scale trough cross-lamination in thick 
part of type B sandstone body. View in 
picture is 16 cm from top to bottom . 
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Figure 17 . Thick part of type B sandstone body with 
trough cross-bedding (cb) and cross-lamination 
(cl) ; scale is in dm . Outcrop is located just 
north of the center of the south line in 
section 27. 
Figure 18. Interbedded small-scale cross-lamination and 
planar stratification in thick part of type B 
sandstone body. The top section of the staff 
in the lower right corner is 10 cm long. 




Figure 19 . Rose diagram showing paleocurrent directions 
of type B sandstone bodies . Diagram (a) ls 
based on cross-lamination, and diagram (b) is 
based on cross-bedding. 
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is also common , commonly in sets that have an abrupt lower 
contact and an upper contact that is gradational upward 
into medium-scale cross-lamination. Figure 23 is a 
photograph of planar stratification, and Figure 24 is a 
view of a bedding surface of those planar strata showing 
parting lineations . Parting surfaces , although rare , are 
present at several localities , and commonly have good 
rippled surfaces (Fig. 25) . 
Convoluted bedding occurs as two distinct types in the 
thinner parts of the type B sandstone bodies . Type I 
convolutions occur in climbing cross-lamination and 
resemble flame structures with regular spacings (Fig . 26) . 
They exhibit a polygonal surface expression , generally have 
relief of 5 to 8 centimetres, and are laterally continuous 
for at least 10 metres . Type II convolutions occur in 
climbing cross-laminat i on and planar stratification. These 
typically resemble small recumbent folds oriented in 
similar directions . Figure 27 shows an extreme example of 
this type of convolution; most of the convolutions were 
less contorted than this example. Type II convolutions are 
not usually very continuous and in some cases are only a 
meter or so in extent, occurring within a set of 
cross-lamination or, more rarely, planar stratification. 
Concretions are common in the thinner parts of the 
type B sandstone bodies. Spherical concretions up to 8 
centimetres in diameter are scattered throughout the 
sandstones. Vertical , cylindrical concretions, as shown in 
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Figure 20 . Typical exposure of the thin part of a type B 
sandstone body showing the interbedded 
mudstones and sandstones which make up one 
body . The sandstone indicated by the arrow is 
1.1 m thick, and pinches out to the left. 
View is to the north from measured 
stratigraphic section 14 . 
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Figure 21 . (upper right photo, binding is top) Example of 
contact between sandstone and mudstone in thin 
part of a type B sandstone body showing load 
compactions features between sandstone (top of 
photograph) and mudstone (lower portion of 
photograph). Tape measure case is 6 cm wide. 
Sandstone body is the same body indicated (by 
arrow) in figure 20. 
Figure 22 . (upper left photo, binding ls top) Medium-
scale tabular and trough cross-lamination in 
thin part of type B sandstone body. 
Figure 23. (lower left photo) Planar stratification in a 
thin part of a type B sandstone body. 
Locality is just north of center of section 
21 . Knife is 10 cm long . 
Figure 24. (lower right photo) Parting lineations in a 
thin part of a type B sandstone body (same 
locality as figure 23) . Paleocurrent 
directions are right to left or left to right . 
Knife is 10 cm long . 
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Figure 25. Ripples on parting surface in thin p~rt of 
type B sandstone body. 
Figure 26 . Type I convoluted bedding in thin part of v type 
B sandstone body . Scale is in dm . Sands~one 
body is in upper part of measured 
stratigraphic section 14 . 
F i gure 27. Type II convoluted bedding in thin part of 
type B sandstone body . Knife is 8 c~ long. 
Sandstone is in upper part of measured 
stratigraphic section 14 . 

52 
Figure 28, commonly penetrate several thinner beds . 
Other features common in areas where the type B sandstone 
bodies are thinner include many types of trace fossils . 
At one locality (just north of stratigraphic section 16), 
three-toed footprints were found associated with a 
network of smaller tracks (Fig . 29) . At a nearby 
locality , a trail possibly made by a worm was observed on 
a rippled surface . Throughout the thinner parts of the 
type B sandstone bodies, it is common for numerous 
vertical traces to occur within only one thin sandstone 
bed . The traces are outlined by iron oxide staining and 
end abruptly at the upper contact of the sandstone bed 
(Fig. 30) . 
Type C bodies 
Within the study area , one light olive-gray, 
sandstone characterized by steep slopes , is the type C 
sandstone body. It occurs about 55 metres from the upper 
contact of the Bullion Creek Formation in the northern 
part of the study area; and it varies in thickness from 
three metres to a maximum of eleven metres . The lateral 
limits could not be determined because of l i mited 
exposure. The sandstone overlies a greenish-gray 
claystone that contains type A limestone bodies (see 
description of limestones). Figur e 31 shows the relation 
between the type C sandstone body (seen here as a steep 
slope-forming bed near the center of the picture) and 
discontinuous type A limestones (the small lenticular 
53 
Figure 28. Vertical, cylindrical, ironstone concretions 
in type B sandstone body. Concretion ls 10 cm 
thick and at least 60 cm long. Scale is in 
dm . Outcrop is located just south of measured 
stratigraphic section 14 . 
Figure 29 . Footprints (arrows) on parting surface in the 
thinner part of a type B sandstone body . 
Fossils located on a large piece of float, on 
south-facing exposure near the center of the 
south half of section 27. 
Figure 30. Root traces in type B sandstone body . The 
larger root above the knife penetrated several 
mudstone partings and ended abruptly at a 
parting surface. Knife is 8 cm long. Outcrop 
ls located in northwest to southeast drainage 
in the northeast quarter of section 22. 
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bodies just below the sandstone) . The lower 3 to 4 metres 
of the type C sandstone body contain stacked , 
discontinuous, yellowish-gray, smaller , sandstone bodies. 
The stacked sandstone bodies are shown in Figure 32, where 
they occur just above the limestone horizon at the base . 
These smaller sandstone bodies contain small-scale 
cross-lamination (Fig . 33) and are about 20 cm thick and up 
to 150 m wide . At the base of these stacked sandstone 
bodies are accumulations of invertebrate and vertebrate 
fossils . This accumulation of fossils includes fish 
vertebrae and scales, gastropods , and champsosaur 
vertebrae, scutes and teeth . 
With the exception of the smaller, cross-laminated , 
isolated, sandstone bodies near the base of the type C 
sandstone body , the type C sandstone body ls devoid of 
identifiable sedimentary structures. The sandstone 
contains abundant macerated lignite and molluscan detritus. 
Near the top of the sandstone body there are horizontal 
mudstone beds (3-4 cm thick) that give the sandstone a 
horizontally bedded appearance. At one locality sandstone 
layers (5 cm thick) occur that are siderite-cemented, and 
are inclined much like cross-strata through the entire type 
C sandstone body. These inclined beds are illustrated in 
Figure 34. 
Type D bodies 
A sandstone body , designated a type D sandstone body , 
occurs approximately 10 m from the top of the Bullion Creek 
Figure 31. 
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Type C sandstone body. 
sandstone (ss) overlies 
limestone bodies (ls). 
thick. View is to the 
quarter of section 22. 
The cliff-forming 
mudstones with type A 
Sandstone is 6 m 
west in the southeast 
Figure 32. Smaller sandstone bodies (indicated by arrows) 
within the type C sandstone. Type A 
limestones occur directly below the type C 
sandstone body. The type C sandstone ·is 5 m 
thick at the right edge of the photo. View to 
the west in the southeast quarter of section 
22 (south of view in figure 31). Close up of 




Figure 33. Small-scale trough cross-lamination in the 
smaller sandstone bodies within the type C 
sandstone. Lens cap ls 5 cm in diameter. 
Photo ls closeup of sandstone body indicated 
(with arrow) in Figure 32. 
Figure 34. Large-scale inclined bedding within the type C 
sandstone (outlined). Sandstone ls 4 m thick. 




Formation . This sandstone body characteristically forms 
well-vegetated slopes on the outcrop. The type D sandstone 
body ls continuous over the entire study area and was used 
as a datum in constructing all of the stratigraphic cross 
sections . The type D sandstone body varies in thickness 
from 2 to 5 metres and contains lnterbedded mudstones . The 
majority of the type D sandstone body ls very poorly 
indurated and structureless. The only sedimentary 
structures are found in smaller, elongate, sandstone bodies 
that are well-indurated and occur throughout the type D 
sandstone body . These smaller, lndurated bodies commonly 
have dimensions of less than a metre thick by several 
metres long and contain poorly preserved cross-
stratlflcation . At one locality (near top of stratigraphic 
section 2) a larger, indurated body ls present . This 
larger body ls 1 . 3 metres thick and is relatively linear 
for at least 200 metres. It contains small- to medium-
scale trough cross-laminations that have paleocurrent 
directions perpendicular to the long axis of the lndurated 
body . 
Type E bodies 
Sandstone bodies of the fifth type are the type E 
sandstone bodies . Bodies of this type are composed of 
yellowish-gray, poorly indurated, generally structureless 
sandstone with only indistinct cross-stratification . These 
bodies occur throughout the exposed column, although they 
appear to be more common in the upper 25 metres of the 
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Bullion Creek Formation . They range in thickness from less 
than a metre up to 5 m. 
Mudrocks 
The mudrocks range in color from a pale yellowish 
orange (10 YR 8/6) to an olive gray (5 Y 4/1) and are often 
mottled. They vary in thickness from a few centimetres to 
about eight metres . The mudrocks are calcareous and rich 
in plant material as well as root traces . At one locality 
(near base of stratigraphic section 27), a claystone 
contains excellent leaf imprints (sample JU-85-27-lA-lC) . 
Throughout the mudrocks, thin carbonaceous beds and 
lignites are common. In many places, thin lignites cap 
mudrock sequences where the color changes from a yellowish 
orange (10 YR 7/6) at the base, to an olive gray (5 Y 4/1) 
near the middle and, finally, to a dark gray (NS) near the 
top. 
Thin horizons rich in invertebrate fossils are common 
and, in some instances, are laterally persistent for 
hundreds of metres. Isolated vertebrate fossils (turtles) 
also occur. 
Sedimentary structures within the mudrocks are rarely 
visible, and most beds appear to be structureless . Most of 
the mudrocks are blocky, but areas exist in which they are 
laminated . Commonly, the mudrocks contain thin siltstones 
that are both structureless or occur as isolated sets of 
cross-lamination. Figure 35 shows cross-laminated gray 
siltstones interbedded with yellowish-orange mudstones . 
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Figure 35 . Interlaminated siltstones (light) and mudstone 
(dark) in a mudrock unit. Knife is 7 cm long . 
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The contacts between the siltstones and the mudstones are 
either gradational and abrupt, ranging from planar to 
veryirregular . Burrows into the mudstone are common at the 
contacts. 
Lignite 
The lignites are moderate brown to black and vary in 
quality from carbonaceous mudshales to lignite. At one 
locality (near top of stratigraphic section 25), a muddy 
lignite contains abundant plant material and invertebrate 
fossils . Some of the lignites contain pieces of wood up to 
15 cm long. Many of the lignites are sandy and some 
contain interbedded mudstones . Some lignites are both 
laterally and vertically gradational into dusky-brown, 
fissile, carbonaceous mudshales. Parting surfaces within 
these mudshales contain abundant traces of plant material . 
Jarosite and gypsum commonly weather out of the lignites 
and occur scattered along the surface of the exposures. 
The lignites are normally poorly exposed. In most 
cases, the only evidence for the presence of a lignite is 
the occurrence of vegetation on the hillsides. The 
lignites often serve as aquifers and are thus preferred by 
vegetation. They tend to be preferentially weathered, 
allowing overlying strata to slump over the lignite bed, 
obscuring it. Figure 36 shows a typical lignite outcrop 
that shows very little surface expression of the lignite. 
The lignites vary in thickness from less than a centimetre 
to up to 2 m, locally, and typically occur as lenses which 
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Figure 36 . Typical exposure of thin lignite (arrow). 
Lignite is 8 cm thick . Outcrop is located in 
the southeast corner of section 27. 
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are from a few metres to a few kilometres wide . They 
commonly occur directly above gray mudstones or claystones , 
although they are associated with every lithology. Only 
one lignite, which occurs at the top of the Bullion Creek 
Formation, is traceable over the entire study area . The 
top of the Bullion Creek Formation within the study area is 
poorly exposed, usually occurring at the tops of the 
bluffs . Consequently, this continuous lignite is poorly 
exposed in many areas, but it is most likely the HT Butte 
lignite that is used as a criterion for identifying the 
upper contact of the Bullion Creek Formation . The HT Butte 
lignite contains abundant petrified logs. 
Limestone 
Most limestone in the study area occur in a zone 
between 40 and 60 m below the top of the Bullion Creek 
Formation. The limestone occurs as discontinuous 
lenticular pods. Three different types of limestone bodies 
were distinguished on the basis of style of weathering and 
fossil content. 
Type A bodies 
The type A limestone bodies are the most common 
limestone bodies in the study area and are micrites that 
typically weather to a yellowish orange to yellowish gray . 
On fresh surfaces the limestone bodies are light gray , and 
show a faint mottling with different shades of gray . They 
average about 30 cm thick and 3 m wide . Even though they 
are discontinuous, they tend to occur at distinct horizons, 
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Figure 37 . Type A limestone bodies in mudstone . Bodies 
are 40 cm thick . Outcrop ls located near the 
center of the east h~lf of section 15. 
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as shown in Figure 37. They are virtually devoid of 
fossils, except for rare gastropods or rare leaf traces. 
Type A limestone bodies weather into very sharp fragments 
that commonly litter sides of buttes. 
Type B bodies 
Type B limestone bodies are less common than type A 
limestones bodies and are frequently silty. They are 
typically 40 cm thick and 2 m wide and are micrites . They 
are mottled grayish orange and yellowish orange on fresh 
surfaces and weather to a yellowish gray. The type B 
bodies contain abundant leaf impressions; and at one 
horizon, within one of the limestone bodies (near base 
stratigraphic section 12), an horizon rich in gastropods 
was observed . Figure 38 shows pieces of type B limestone 
body, with well-preserved leaf fossils and faint mottling . 
The bodies overlie a silty, light-gray and yellowish-
orange, mottled mudstone and weather in a flaggy fashion 
with 2-cm-thick partings. The well-preserved leaf 
impressions occur on these parting surfaces. 
Type C bodies 
One limestone observed just south of stratigraphic 
section 22 was regarded as the type C limestone body . The 
limestone weathers to a yellowish gray and is medium light 
gray on fresh surface. The body is approximately 10 
centimetres thick and extends laterally for about 15 
metres. The type C limestone body directly overlies a more 
continuous type A limestone body . The sharp contact 
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Figure 38 . Leaf fossils on pieces of type B limestone. 
The locality is near the base of stratigraphic 
section 12 . Sample No . JU-17-12-3 . 
Figure 39 . Type C limestone (Cl , underlain by type A 
limestone body (A). Scale in dm. Outcrop is 
located in the head of the easternmost 
drainage, north of the county road in the 
southeast quarter of section 15. 
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between the type C body and the type A body is shown in 
Figure 39. The type C limestone contains abundant 
invertebrate fossils and is classified as a matrix-
supported biomicrite . The most abundant fossils present 
are gastropods and charophytes . Other minor fossils 
include fish vertebrae, small bivalves , and possible 
ostracods. The limestone appears to be mottled with 
siltstone stringers throughout. There also are some 
horizontal clay laminae, as well as a horizontal 
orientation of the fossils. Many of the fossils are 
broken, and those that are not broken are filled with 
micrite . 
Marl stone 
The last lithology distinguished was a marlstone . A 
marlstone is a rock composed of between 25 and 75 percent 
carbonate (Dunbar and Rodgers, 1957, p. 226). The 
marlstone occurs at only one locality within the study 
area, at the base of stratigraphic section No. 7 . The 
marlstone is 1 m thick and varies from a dark yellowish 
orange to a dark gray. Figure 49 shows the relation 
between the yellowish-orange marlstone and the underlying, 
l.6-m-thick , gray sandstone. Directly above the marlstone 
is a 0.5-m-thick, type A limestone, which becomes flaggy 
near its top. This limestone in turn is overlain 
gradationally by a 3-m-thick sandstone. In places, the 
marlstone is very lignitic and laterally grades into a 
carbonaceous mudshale to poorly developed lignite. 
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The marlstone is characterized by abundant plant 
material and gastropods . The invertebrate fossils are 
broken and many are filled with spar . Some plant fragments 
are quite large, up to 20 cm across . Other, less common 
fossils, are fish scales, amber, and small bivalves . 
DISCUSSION OF LITHOLOGIES 
Introduction 
Interpreting the depositional environment of the 
Bullion Creek Formation within the study area using the 
available evidence is difficult. The chief hindrance is 
the fine grain size of the rocks that makes determining the 
depositional environment difficult for two reasons. First, 
is the lack of variability of sedimentary structures. 
Cross-lamination and planar stratification are the only two 
structures that are formed in very fine- to fine-grained 
sandstones . This severely limits the degree of information 
on depositional processes that can be obtained. Second, is 
the lack of modern analogs which are composed of sands as 
fine-grained as those of the Bullion Creek Formation. 
Sedimentary structures offer the greatest insight into 
the origins of the sandstones, and hence the depositional 
environment of the rocks of the upper part of the Bullion 
Creek Formation . From studies done in flumes, bedforms 
responsible for the different sedimentary structures are 
well know~ (Guy and others, 1966). The terminology of 
bedforrns used in this study is that of Simons and others 
(1965). They used the terms no-flow flat bed, ripples 
(height less than 5 cm), dunes (height greater than 5 cm), 
plane bed, and antidune to describe bedforms produced with 
increasing flow strength. Flow strength is used here to 
describe the ability of a current to move sediment and is 
primarily dependent on the velocity and depth of the flow. 
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Simons and others (1965) observed that cross - lamination was 
formed by the migration of ripples and cross-bedding was 
formed by the migration of dunes. Planar stratification 
formed under both no-flow (lower flow regime) and plane-bed 
(upper flow regime) flow conditions . Most sedimentologists 
make a distinction between straight-crested bedforms and 
highly irregular bedforms . Costello and Southard (1981) 
termed these 2-D and 3-D bedforms , respectively. They 
observed that bedforms exhibit straight crests early in 
their formation and , given time or increased flow strength, 
gradually become more three dimensional (sinuous) . Harms 
and others (1982) associated medium-scale, subcritically 
climbing cross-laminae with 2-D ripples and small-scale , 
trough cross-lamination with 3-D ripples . The same 
relations also exist for dunes and cross-bedding. 
Trough cross-bedding and small-scale cross-
laminations therefore represent longer-term or higher-
velocity flow than the medium-scale, climbing 
cross-laminations, that are more characteristic of lower 
velocities and short-term flow. Larger bedforms, composed 
of an association of bedforms, are called bars . Three 
types of bars will be considered: point bars, transverse 
bars, and longitudinal bars . 
Picard and High (1972) attempted to define criteria for 
distinguishing lacustrine rocks from fluvial and marine 
rocks . They identified two steps for distinguishing 
lacustrine deposits (p. 140): 
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In the first step, units deposited by flowing 
water (streams] are distinguished from those 
deposited in standing water (lakes and seasJ . 
The second step is to differentiate between 
lakes and epicontinental seas. 
In this study a similar system will be used . As mentioned 
above, previous workers have eliminated marine influences 
as a possibility for the depositional environment of the 
deposits studied . Eolian influences were also probably 
minimal . The abundant lignite and plant material present 
in the rocks is characteristic of a humid temperate to 
temperate , well-vegetated environment (Brown, 1962)--an 
environment not conducive to widespread eolian activity. 
Three depositional possibilities, representing increasing 
fluvial influences, are the most li~ely environmental 
choices . These are: l)lacustrine, 2)lacustrine deltaic, 
and 3) fluvial-channel deposits. 
In the following discussion, each lithology will be 
dealt with separately and their possible depositional 
environments considered. In the final section, the 
different lithologies will be placed in a depositional 
setting and their inter-relations explained . From these 
inter-relations, it will be possible to propose a 
depositional history of the rocks in the study area. 
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Sandstone Bodies 
Type A sandstone body 
Type A sandstones are unique in that they are 
anomalously thicker than the surrounding strata. Three 
depositional possibilities , capable of forming these 
sandstone bodies, are considered . These are: l) 
lacustrine shoreline deposits {beach deposits), 2) 
lacustrine delta, and 3) fluvial channel deposits. 
The lacustrine shoreline model seems unlikely. The 
thickness of the sandstone bodies and the preponderance of 
large-scale cross-bedding are not likely to be produced in 
a lacustrine beach setting. Lakes generally have small 
fetches and shallow wave bases {Picard and High, 1972, p . 
124) . Consequently, the primary sedimentary structures 
that would be expected are small-scale cross-bedding and 
cross-lamination, not the large-scale cross-bedding found 
within the type A sandstone bodies in this study area . 
Further evidence against a beach origin, is the 
paleocurrent directions within the sandstone bodies that 
are parallel to the long axis of the sandstone bodies. 
Paleocurrent directions in lacustrine beaches are bimodal 
and perpendicular to the shoreline (Picard and High, 1972, 
p. 129). 
The other two possibilities for the depositional 
setting are not so easily resolved. Similar sedimentary 
structures would be observed in either a high-constructive 
delta or a fluvial-channel fill if exposure were not 
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excel l ent . The primary difference between deposits formed 
as a delta or as a channel fill is their shape . Deltaic 
deposition would be expected to fill in the lake, given 
time, and create an extensive , relatively thin (depending 
on the size and the depth of the water body), sandstone 
body. Type A sandstone bodies are not wide and thin but 
are lenticular and elongate--more characteristic of 
straight or low-sinuosity stream deposits (Collinson, 
1978). Moody-Stuart (1966) also observed that deposits 
similar to the type A sandstone bodies , with approximately 
horizontal tops and trough-shaped erosional lower surfaces , 
were the product of low-sinuosity streams. 
Although preserved sedimentary structures in the type 
A sandstone bodies are rare, some observations can be made 
about those present . The cross-bedding in the lower 
portion of all type A sandstone bodies (Fig . 8) undoubtedly 
resulted from the migration of large-scale (heights greater 
than l m) bedforms . The lack of deep , symmetric troughs 
and the presence of sigmoidal foreset beds suggests 
somewhat straight, or slightly sinuous, dune crests (2 - D 
dunes) . Royse (1967, p. 204) classified these large-scale 
cross-strata as xi cross-strata (after Allen , 1963) . Royse 
had difficulty explaining the origin of the xi cross-
strata , but considered them to be fluvial because of their 
lateral associations . Jacob (1973 , p. 1046) attributed the 
x i cross-st r ata (tabular cross-bedding) to the migration of 
transverse bars in a low-sinuosity stream. 
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Ore (1965) observed that transverse bars (2-D dunes) 
were produced in relatively deep , weak flows . The 
stratification preserved would be the foreset beds of the 
migrating transverse bars. Allen (1966, p . 156-157) 
observed that commonly ripples were found on the stoss 
s i des of transverse bars . The isolated cosets of 
cross-lamination (Fig. 8) probably formed during waning 
flow by migration of ripples on top of , and in between , the 
transverse bars (or dunes). 
Costello (1974) observed erosion surfaces created by 
downcutting of one dune into another that are similar to 
the irregular surfaces seen in this study (Fig . 9 . ) . Kumar 
and Singh (1978 , p . 176) called these erosion surfaces 
" scour-and- fill cross-bedding" st r uctures , and attributed 
their origin to pulsations in the velocity during flood 
period . A scoured surface is developed by erosion into 
p r e-existing deposits during a sudden localized increase i n 
velocity of the flow . With a decrease in current velocity, 
rapid deposition of structureless sand fills in the scoured 
surface . 
The clay pebbles associated with the cross-bedding , 
and in some cases with scoured surfaces , are intrabasinal 
in origin. A possible explanation is the collapse of fine-
g r ained banks into a channel . Figure 40 shows a large 
claystone clast which was probably the result of bank 
collapse. The presence of er osion surfaces and 
intraformational lag deposits high in the type A sandstone 
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Figure 40 . Large claystone clast (indicated by arrow) in 
cross-bedding at base of type A sandstone 
body . Picture was taken at the base of 
measured stratigraphic section 19 . 
"'. ' . 
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' . . .
83 
bodies suggests the repeated reworking of deposits typical 
of low gradient rivers (Allen, 1962, P. 963). 
Unfortunately, the lower contacts of the type A 
sandstone bodies in this study area are obscured by 
weathered sand and the exact relation with the surrounding 
sedimentary rocks could not be determined. Other workers, 
namely Jacob (1973), Royse (1967), Warwick (1982), and 
Wallick (1984), have described similar sandstone bodies in 
the Bullion Creek in other areas, with erosive bases, 
intraformational conglomerates and cross-bedding near the 
base, and cross-lamination near the top. In all cases, the 
sandstone bodies were interpreted to be channel-fill 
deposits. While the thicknesses of the type A sandstone 
bodies in this study area are about 11 metres at maximum, 
the other studies record thicknesses of up to 30 m (Royse, 
1967, p. 208). Jacob (1973) observed, in his study area, 
that the sandstone bodies (type A sandstone bodies of this 
study) commonly rested on lignites that he assumed to 
represent downcutting of a channel to a resistant peat. 
This relation of type A sandstone bodies commonly 
resting on lignite beds was not observed in this study. 
The origin of the smaller, indurated, sandstone bodies 
(Fig. 7) which occur at the edges of the type A sandstone 
bodies are poorly understood. Friend and others (1979) 
described similar bodies as "wing" deposits that formed 
when flow overtopped the channels in low-sinuosity streams. 
These smaller indurated sandstone bodies may have formed in 
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crevasse channels, that incised broad, low-relief levees. 
If these smaller indurated bodies are crevasse-channel 
deposits, then lateral gradation into splay deposits would 
be expected. Unfortunately, exposure around the type A 
sandstones is so poor that the lateral relations could not 
be determined . 
Type B sandstone body 
The type B sandstone bodies resulted from a complex 
assemblage of depositional processes and environments. The 
lateral change in sedimentary structures within the type B 
sandstone bodies signifies that different depositional 
processes were operating, concurrently, at different 
localities, during deposition of the same sand body. 
The abundance of small-scale trough cross-lamination 
(Fig. 16) and trough cross-bedding (Fig. 17) in the thicker 
parts of the type B sandstone bodies is suggestive of deep 
sustained flow (Harms and others, 1982). Small-scale 
trough cross-lamination is formed by migrating, highly 
sinuous ripples. Such ripples are characteristic of well-
developed flow (Costello and Southard , 1981). Trough 
cross-bedding is produced by migrating, smaller, sinuous 
dunes. The claystone and limestone clasts commonly 
associated with the cross-bedding are intraformational 
clasts and were probably derived from erosion of previously 
deposited fine-grained deposits. The planar stratification 
could have formed under two principal conditions: (1) 
under lower-flow conditions with the migration of very thin 
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ripples; and (2) in upper plane-bed flow . Parting 
lineations (Fig. 24), which are diagnostic of upper plane-
bed flow, are abundant in the thicker parts of the type B 
sandstone bodies . Consequently, the majority of 
stratification within the thicker parts of the 
planar 
type B 
sandstone bodies are considered to be of upper plane-bed 
origin . 
Harms and others (1975) compiled data from many 
studies in an attempt to determine what bedforms could be 
expected to form with increasing flow strength and depth 
for different grain sizes. For fine sand, the bedform 
transit i on expected with increasing flow is low- flow 
flat-bed to ripple to dune to upper-flow flat-bed . With a 
decrease in grain size , the ability of the flow to develop 
dunes is lost. Al though the size of sand at which dunes 
can no longer form is only approximately known, there is 
nonetheless a size below which dunes no longer develop. 
Consider the sequence of structures depicted in Figure 41 . 
This locality exhibited excellent exposure of sedimentary 
structures and , in light of the work mentioned above , its 
origin can be determined. The lower 2 metres of 
cross-lamination and planar stratification represent 
deposition under fluctuating flow strengths and flow 
depths , or both. The very fine sand may be fine enough so 
that dunes did not form and ripples transformed directly 
into plane beds with increasing flow , or flow may have been 
shallow enough to prevent the formation of dunes (Singh , 
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Figure 41. Vertical sequence of sedimentary structures 
observed in a thicker part of type B sandstone 
body . Outcrop is located in upper portion of 
measured stratigraphic section No. 27 . 
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Type B Sandstone Body 
Thicker Part 
Mean Phi Size 




Small-scale cross-lamination (2-3 cm 
thick sets, PC. N 28 0) 
Medium-scale cross-lamination (PC. 
N 225), some supercritical 
Trough cross-bedding (PC. N255), 
lag deposits 
Planar stratification (parting 
lineations), some medium-scale 
cross-lamination 
Medium-scale cross-lamination 
(2-3 cm thick sets) 
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1972, p . 314). The cross-lamination ls medium-scale 
tabular to trough, which is characteristic of rapid 
deposition . The presence of super-critical cross-
lamination is further evidence of rapid deposition. The 
cross-bedding overlying the planar stratification probably 
resulted from an increase in the grain size supplied , or in 
flow depth such that dunes formed. Another possible 
influence may have been the claystone clasts . The presence 
of pebble- and granule-size clay clasts with the fine sand 
increases the mean grain size, reduces sorting, and may 
have been responsible for initiating the formation of dunes 
or small bars. This might explain the presence of clay 
clasts in nearly all of the cross-bedding in the type B 
sandstone bodies . 
The return to medium-scale, tabular, cross-lamination 
above the cross-bedding resulted from a rapid reduction in 
flow strength and consequently, in the grain size of the 
sand being transported. This rapid reduction in the 
ability of the flow to transport sand might have triggered 
deposition of sand in the form of climbing, straight-
crested ripples . The change to small-scale, trough 
cross-lamination above the cross-bedding could result from 
several causes. First, and most probable, is a reduction 
in the supply of sand to the depositional system, such that 
the migrating ripples tend to become more sinuous and erode 
the preceding ripples (less amount of climb) in an ever-
increasing amount. Another , less likely possibility, is 
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reworking of the sand by waves; however, there is no 
evidence of bidirectionality within the cross-lamination . 
Sequences of cross-lamination above cross-bedding are 
common and are characteristic of the thicker parts of the 
type B sandstone bodies. Less common are thicker parts 
which lack cross-bedding (Fig . 18) . Although flow 
strengths at locations lacking cross-bedding seem to have 
been in the upper flow regime (determined by presence of 
parting lineations), grain size was either too fine or flow 
too shallow to permit the development of dunes. 
Within the thicker parts of the type B sandstone 
bodies , the distinct lenticular packages of sedimentary 
structures probably represent the migration of small 
longitudinal bars which eroded into previously deposited , 
longitudinal bars with concave-upward contacts (Fig. 15) . 
This type of erosive concave-upward contact is 
characteristic of channelized flow (Choi, 1986). These 
deposits may represent channel deposits where the channel 
was wide and shallow, similar to a small, braided, stream 
system. 
The horizontal concretions, fossil reeds , and the 
accumulation of invertebrates at one locality (base of 
stratigraphic section 1) offer some insight into the rapid 
rate of migration of these channels. The fossil reeds in 
life position indicate a rapid burial by the sand . The 
accumulation of invertebrates and claystone clasts occurred 
as a lag deposit in the channel. The odd shapes of the 
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concretions and presence of woody texture in the middle of 
some concretions, indicate that the concretions probably 
represent sticks and other organic debris burled by the 
sand during deposition . 
The thinner segments of the type B sandstone bodies, 
although they contain many of the same structures, are 
substantially different from the thicker parts . The 
presence of abundant, medium-scale, tabular 
cross-lamination (Fig. 22) and supercritical climbing 
cross-lamination are indicative of rapid deposition. 
Medium-scale cross-laminations are developed in low-
sinuosity ripples which typically form in shallow, short-
lived flows (Costello and Southard, 1981; Harms and others, 
1982). The supercritical climbing cross-laminations are 
the result of very rapid deposition, when deposition 
greatly exceeds the transport ability of the flow. 
The planar stratification found in the areas of lesser 
thickness, unlike that in the area of greater thickness, 
can be attributed to more than one depositional _process. 
One process (as mentioned above) operates under conditions 
of upper plane-bed flow, and ls characterized by parting 
llneatlons on bedding-plane surfaces . Another process is 
the migration of very thin (a few grain thicknesses) 
ripples as described by Lindholm (1982). The ripples climb 
at a low angle, and the resulting coset of cross-lamination 
is virtually identical to planar stratification deposited 
during plane-bed flow. A bedding-plane surface at one 
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locality (near the center of section 28 just west of the 
study area) preserved some of these ripples. Unless 
exposure is extremely good and the rippled surface can be 
seen, it is virtually impossible to distinguish between a 
migrating-ripple origin and an upper-flow regime origin, 
for the planar stratification . 
Another sedimentary structure which is abundant in the 
areas where the type B sandstone bodies are thin is 
convoluted bedding. Convoluted bedding results from the 
deformation of sediments shortly after deposition. In this 
study, two types of deformation features were identified , 
based on their lateral extent and style of deformation. 
Each type of deformation was probably formed by different 
processes. Type I convoluted bedding formed in response to 
shear forces, as sediment-laden water flowed .over recently 
deposited saturated sand . This shear dragged the 
underlying beds, creating folds within the 
cross-stratification. Type II convolutions more than 
likely resulted as water escaped from a partially liquefied 
sand. The fluid escape was probably triggered by some sort 
of shock, such as a bank collapse . Another possible origin 
is discussed in detail by Chakrabarti (1977) , who theorized 
that this type of convolution forms during upper flow-
regime flow , due to turbulent flow. In his theory , 
turbulence pulls the sand up at the site of greatest upward 
turbulence , creating the convolutions. Each polygon on the 
bedding surface of the sandstone body thus represents the 
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site of a turbulence cell during deposition . Turbulence 
cells can be seen in modern streams as boils on the surface 
of the stream during upper flow-regime flow. 
The vertical sequences of sedimentary structures in 
the areas of lesser thickness of type B sandstone bodies 
probably resulted from pulsing flow . A typical sequence is 
illustrated in Figure 42. The sequence indicates flow 
strengths which fluctuated between those that form 
cross-lamination (low) and those that form planar 
stratification (high). Similar deposits have been 
described by Ray (1976) for flood overbank deposits in the 
Mississippi River. He attributed each change in 
sedimentary structure to a separate pulse in the flood 
waters . McKee and others (1967) described deposits of 
Bijou Creek in Colorado, that were the result of a single 
flood event, and they observed sand deposits with 
alternating cross-lamination, planar stratification, and 
convoluted bedding very similar to those seen in the study 
area. Choi (1986) recognized flood deposits in which 
multiple sand deposits were stacked, each separated by 
mudstones; each sandstone represented a single flood. He 
concluded that flat non-erosive contacts were 
characteristic of rapid deposition onto flat unconfined 
settings. 
The thinner segments of the type B sandstone bodies 
appear to have been well vegetated (Fig. 30). The vertical 
cylindrical concretions (Fig . 28) probably represent 
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Figure 42. Vertical sequence of sedimentary structures 
observed in area of thinner type B sandstone 
body . Outcrop is located in the upper portion 





Type 8 Sandstone Body 
Thinner Part 
Medium-scale Cross- lamination, gradational 
lower contact 
Planar stratification, abrupt lower contact 
Medium- scale cross- lamination, gradotional 
lower contact 
Planar stratification, some convoluted 
bedding, abrupt lower contact 
Medium-scale cross- lamination 
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positions of small trees or large roots. In addition, 
there are abundant traces of smaller roots. At one 
locality (northwest corner of section 22), a root or small 
tree (Fig 30) penetrated several distinct sands. The root 
or small tree can be made out on the underside of the 
overlying sandstone; it presumably was pulled over during 
deposition of the overlying sand. 
The thicker and thinner portions of the type B 
sandstone bodies represent end members of two different 
depositional extremes in the depositional system . The 
transition between the thicker and thinner parts is poorly 
understood because of lack of extensive exposure of any one 
type B sandstone body . 
The paleocurrent directions do not provide any 
insights into the association between the thicker and 
thinner parts, because of the poor preservation of current 
indicators in any individual type B sandstone body. The 
paleocurrent directions do show a paleo-flow parallel to 
the long axis in thicker parts of the type B bodies, and a 
similar direction in the associated thinner parts. For 
example, if paleocurrent directions in the thicker parts 
are to the north, the associated paleocurrent directions in 
thinner parts of the sandstone bodies are generally 
northerly, although with greater dispersion of direction. 
McKee and others (1967), in their observations of 
flood deposits of Bijou Creek in Colorado, noticed that the 
channel deposits contained festoon cross-bedding where flow 
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was concentrated, and climbing-ripple cross-laminations and 
convolute structures were characteristic of the floodplai n 
deposits. A similar condition may well have existed for 
the type B sandstone bodies. The cross-bedded thicker 
parts probably represent the areas of deepest confined flow 
or energy , while the medium-scale cross-laminated and 
convolute bedding in the thinner parts represents the least 
powerful flow conditions . 
Jacob (1973), in his study area , ascribed deposits 
similar in the type B sandstone bodies (his tabular 
sandstones) to deposition in high-sinuosity streams . He 
based his interpretations on field observations of type B 
sandstone bodies that contained sequences of bedforms that 
show evidence of decreasing flow-strength upward (cross -
bedding to cross-lamination upward). While sequences such 
as those Jacob observed exist in this study area , they 
certainly are not representative of a majority of the 
exposures. The evidence in this study tends to support a 
low-sinuosity , possibly braided , stream system; although a 
meandering stream system cannot be positively ruled out . 
The elongate shape of the sandstone bodies bears a 
resemblance to the ribbon sandstones of Friend and others 
(1979) . They attributed the development of ribbon or 
elongate sandstone bodies to four factors: 1) low or high 
flow strength; 2) strong banks; 3) flooding regime ; and 4) 
differential vertical movement of the alluvial area 
relative to some base level of erosion . They used the 
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lower part of a constructive delta as a possible example. 
The occurrence of cross-bedding well up within the sequence 
of sedimentary structures is evidence against a meandering 
system. Both Choi (1986, p. 304) and Singh (1972, p . 310) 
observed that cross-bedding and scour surfaces are common 
only in the lower parts of point bar sequences. Choi went 
on to say that, in contrast, scour surfaces occur at many 
horizons within a succession of braided stream deposits. 
Possibly a more fundamental way to look at the 
deposition is in terms of vertical versus lateral 
accretion . The preponderance of mudstone rather than 
sandstone in the study area must indicate that a 
substantial portion of the rocks were deposited by vertical 
accretion . Nansen and Young (1981) described some fluvial 
systems in which the dominant floodplain-building process 
was vertical accretion during flooding. They observed (p. 
343) that , "the relative dominance of the suspended load, 
together with the very high incidence of overbank flooding 
caused by the decrease in channel size in the lower reaches 
(of a fluvial system] creates ideal conditions for the 
vertical accretion of fine sediment . " They attributed the 
relatively straight channel to the cohesion of the bank 
material and the relatively low flow power . Similar 
conditions were observed by Welder (1959) in the lower 
active reaches of the Mississippi River delta . All of the 
type B sandstone bodies may be the result of large crevasse 
splays prograding onto the floodplain by much the same 
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processes that built the friction-dominated sub-deltas 
described by Wright (1977), or the crevasse splays 
described by Welder (1959), where the splays become small 
fluvial systems , complete with levees and smaller splays. 
Bridge (1985) discussed the problem of scale in relation to 
alluvial sedimentation . Commonly it is difficult to tell 
the splay sandstone bodies from the main channels if 
exposure is not adequate (p. ~86). In the case of the type 
B sandstone bodies, the thinner parts might represent areas 
of rapid deposition such as the distal areas of splays or 
perhaps sheet wash over splay levees . O'Brien and Wells 
(1986) observed features that formed after the splays were 
deposited as water from the main channel seeped through the 
deposits . This provides a possible mechanism for some of 
the convoluted bedding observed . Figure 43 is a 
diagrammatic summary of a friction-dominated sub-delta , the 
most likely depositional environment for the type B 
sandstones. 
Type C sandstone body 
The lack of sedimentary structures in the majority of 
the type C sandstone bodies hinders identifying the 
depositional environment of these bodies; but features 
present , point to some sort of lacustrine setting. The 
laminated mudstone to claystone with type A limestone 
lenses, which lies directly below the sandstone , is 
probably lacustrine in origin. The fish and champsosaur 
remains , which occur as lag deposits at the base of the 
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Figure 43 . General model for fr1ot1on-dom1nated sub-
delta . After Wright (1977) and Welder (1959). 
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stacked sandstone bodies , suggest at least a close 
proximity to lacustrine environments . The small-scale 
cross-lamination in the stacked sandstone bodies (Fig . 32) 
exhibits bidirectional paleocurrent directions and cross-
lamination similar to that found in lacustrine shoreline 
settings (Reineck and Singh, 1980 , p . 343) . 
The depositional environment of the type C bodies may 
be related to the infilling of a small lake by sand . The 
inclined sandstone beds (Fig . 34) may represent foreset 
beds on a migrating front of a Gilbert-type delta, while 
the smaller sandstone bodies which occur in the lower part 
of the type A sandstone body (Fig . 32) represent isolated 
beach deposits. 
Type D sandstone body 
The type D sandstone body is a difficult sandstone to 
understand. The poor lithification and lack of sedimentary 
structures offers little help. The tabular shape suggests 
two possibilities. The first is that the sandstone 
represents beach deposits which formed on a shifting 
shoreline. In a shifting shoreline setting , the wave 
energy at the edge of the body of water would concentrate 
sand through wave activity. As the shoreline shifted , a 
sheet of sand would form. The relation of the paleocurrent 
directions to the orientation of the smaller sandstone 
bodies within the type D sandstone body is consistent with 
a beach origin . The difficulty with this interpretation i s 
that the thickness of the type D sandstone body is too 
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great . Some influence other than just that of a beach must 
have been operating to deposit the large amount of sand 
necessary to form the deposits . The most likely 
explanation of the thick type D sandstone bodies is that of 
a broad shallow delta. The beaches formed on the delta 
front as it prograded across swamps or shallow lakes . The 
paleocurrent directions and orientations of the bodies 
place the body of water to the east . 
Type E sandstone body 
The type E sandstone bodies are probably of multiple 
origin . The poor exposure and lack of distinguishing 
features may be due to primary controls, but it is more 
likely that these bodies simply are poorly exposed or 
poorly preserved examples of one of the other types of 
sandstone bodies; for example , crevasse-splay deposits 
which are highly burrowed or contain abundant plant 
material can be structureless. Most of the type E 
sandstones are similar in size and shape to the type B 
sandstone bodies . 
Mudrocks 
Mudrocks and finer-grained siltstones represent 
approximately 60 percent of the total lithology present in 
the study area. They possess few physical characteristics 
that are diagnostic of a particular environment; although 
some interpretations can be made on the basis of the color , 
sedimentary structures , weathering style, included debris , 
and lateral relations with surrounding lithologies . 
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The most easily described and obvious feature is 
color. Potter and others (1980, p. 56) related shale color 
to two rock variables that are controlled by the 
depositional environment, the amount of ferric iron and the 
amount of organic carbon. Typical oxidizing continental 
environments, such as those above the water table, tend to 
produce reddish colors, and those below the water table 
(less-oxidizing) tend to produce darker (grayish) colors 
(Weimer, 1973). Using the above relations, the mudrocks in 
the Bullion Creek can be ascribed to depositional 
environments on the basis of their color . 
Both lacustrine and floodplain mudrocks are thought to 
be present in the study area. The lacustrine mudrocks are 
the gray laminated mudrocks with limestones and abundant 
plant debris, such as the mudrocks associated with the type 
C sandstone body in stratigraphic section 22. These rocks 
were deposited in a lake and were not subject to oxidation, 
so that the organic carbon was preserved and the gray 
colors dominate. The laminations were formed by deposition 
from suspension as fine suspended matter settled out in the 
quiet water of the lake. These lacustrine mudrocks tend to 
be better indurated and form steeper slopes than the 
floodplain mudrocks (discussed below). 
The other identified mudrocks are interpreted as 
floodplain mudrocks. They are typically poorly exposed and 
have a weathering rind up to 40 cm thick. The interbedded 
siltstones and mudstones are yellowish-orange, and cross-
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laminated (some supercritically climbing). These mudstones 
were deposited during rapid deposition as floodwaters 
overtopped channel levees. The gray lignitic claystones 
and mudstones, that commonly overlie the yellowish-orange 
mudrocks, were deposited in backswamp floodplain 
environments farther away from the channels. Jacob (1976 , 
p . 19-20) postulated that the upward trend from yellowish 
orange to gray in the mudrocks recorded the migration of 
floodplain deposition over the levee deposits during 
subsidence. Jacob's idea provides a possible explanation 
for some of the color trends in mudstones associated with 
the type B sandstone bodies in this study . 
Lignite 
The lignites in the study area, while not indicative 
of a particular environment by themselves , can be used with 
all the other available evidence to support an argument for 
one environment or another. Peat forms in many fresh water 
environments; consequently, lignite can be formed in 
several environments. Fortunately , different environments 
tend to impart some characteristics to the peat , and, thus , 
to the lignite deposits. A gradation exists between 
lignite formed in association with fluvial channels to that 
formed in a broad coastal swamp. The lignites in the study 
area , with the possible exception of the HT Butte Lignite , 
show characteristics of channel-margin or fluvial-system 
lignites. A majority of the lignites in the study area are 
of poor quality ; many grade laterally into carbonaceous 
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mudshales. This is the result of water rich in clay and 
other elastic material entering the peat-forming 
environments (Weimer, 1976) . Clay or silt interbedded with 
lignite implies that the peat-forming environments were not 
very far from active channels (McLean and Jerzykiewcz, 
1978). Fluvially related lignite bodies are long and 
narrow, occurring adjacent, and parallel to, the fluvial 
channel. Unfortunately, exposure in the study area was not 
adequate to determine if the shape of the lignite bodies 
was related to the shape of the sandstone bodies. 
Ting (1972) also observed that North Dakota lignites 
are generally low in sulfur content. Carcuccio and Fern 
(1977) found that coals poor in reactive pyrite (low sulfur 
content) were typically associated with upper-delta and 
alluvial-plain settings . The presence of woody material in 
the lignites, such as in many of the lignites in the study 
area, is indicative of deposition in swamps typically 
associated with fluvial deposits (Fisher, 1968). Ting 
(1972 , p. 24) calculated a figure of 4.3 to l for the 
compaction of peat to lignite for North Dakota lignites. 
The evidence for fluvially related lignites in the 
study area is very strong. Fisher (1968) observed that 
fluvial lignites were most often directly associated with 
fluvial sandstones. This appears to be the case in the 
study area. Lignites directly overlie, or occur lateral 
to, the type B sandstone bodies. The difficulty in 
correlating some of the lignites is probably due to 
106 
several factors, chief of which is compaction. 
Differential compaction of the mudrocks, lignites, and 
sandstones definitely causes correlation problems . Another 
problem in correlating between outcrops is the lateral 
transitions between carbonaceous mudshales and lignites. 
Many of the beds are true lignites for only a short 
distance; and, unless particular lignites can be physically 
traced, sequences of lignite beds are virtually impossible 
to correlate over several kilometres. The HT Butte Lignite 
is the only exposed lignite that is traceable over the 
entire study area; it has been traced for even greater 
distances by others (Winczewski, 1982). 
Limestone 
Although they comprise less than one percent of the 
total rocks in the study area, carbonate lenses are 
important environmental indicators. Carbonate deposition 
in fresh-water environments is largely confined to areas of 
ponded water. Modern carbonate deposition is common in all 
sizes of fresh-water bodies from small ponds to very large 
lakes (Dean and Fouch, 1983). Feth (1964, p. 18 - 19) 
regarded individual limestone beds of large horizontal 
extent which contain fresh-water fossils as evidence for 
lacustrine deposits of large lakes. The lack of limestone 
beds of great lateral extent in the study area may indicate 
lack of extensive fresh-water bodies; and, hence, the 
occurrence of limestone in lenses may indicate deposition 
in smaller lakes or ponds. The humid temperate to 
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temperate paleoclimate and the lack of evidence of primary 
evaporite deposits within the study area tend to minimize 
evaporation as a mechanism of carbonate precipitation. 
Four other means exist by which featureless micrites can be 
produced: 1) temperature effect on solubility of calcite 
and carbon dioxide gas, 2) mixing of water of different 
compositions, 3) mechanical release of carbon dioxide, and 
4) organic precipitation by microphytes (Kelts and Hsu, 
1978 , p . 302) . 
The type A limestones are the most problematical. 
Their lack of fossils and internal features offers little 
help in determining their origin. They most likely are the 
result of mechanical release of carbon dioxide through 
organic decay or organic precipitation during algal blooms , 
although evidence for either is lacking. In the type B 
limestone bodies, the abundant plant material and mollusk 
fossils offer some clues to the origin of the type B 
limestones bodies . Decay of the abundant plant material 
and sparse invertebrates may have initiated calcium 
carbonate precipitation (Kelts and Hsu, 1978 , p . 302-303) 
The type C limestones are the easiest to explain . The 
deposition of limestone in modern environments by green 
algae, such as Chara, is well documented (Dean and Fouch , 
1983, p . 114) . Friend and Moody-Stuart (1970 , p . 188) 
described ancient limestone deposits , the result of Chara 
growth , that they interpreted as the deposit of a 
floodplain lake . 
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Marl stone 
The marlstone observed in stratigraphic section number 
7 is strikingly anomalous within the study area . Friend 
and Moody-Stuart (1970 , p. 185) observed some ancient 
marlstones that they interpreted to be the result of 
channel-fill deposits within abandoned fluvial channels . 
This seems a likely explanation for this marlstone . The 
vertical relation with cross-bedded sandstones and 
laterally with lignites suggests that a small lake or pond 
formed by abandonment of a small fluvial channel . 
DEPOSITIONAL HISTORY 
The upper Bullion Creek Formation within the study 
area appears to have been formed in a series of lacustrine, 
swamp, and fluvial environments, as indicated by the 
abundant limestones, lignites, and fluvial sandstones. For 
purposes of discussion, the exposed strata within the study 
area were divided into five stratigraphic divisions, and 
hence five successive intervals of time, labelled A-E, in 
ascending order. The divisions are characterized by 
different associations of lithologies and represent 
different dominant depositional environments . These 
divisions can be seen on the cross-sections (Figs. 46-48) 
made along the lines shown in Figure 44. Figure 49 shows a 
series of paleogeographic reconstructions of the upper 80 m 
of the Bullion Creek Formation. These reconstructions 
represent the proposed depositional environments at 
different times during the deposition of the upper 80 
metres of the formation. The following discussion is a 
scenario of the proposed depositional history for the upper 
80 m of the Bullion Creek Formation in the study area. 
Division A is the lowest division and the least 
exposed. This division was not exposed in most of the 
study area; consequently, observations on this division are 
sketchy. Division A is characterized by interbedded type B 
sandstone bodies, type E sandstone bodies, and mudstones. 
From the little correlation that was possible, the 
sandstones appear to be continuous over most of the study 
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Figure 45 . Explanation of symbols used on the cross-












Inferred lithologic contact 
Diviaion Boundory 





~ Unidentifiable cross-stratification 
!E!i!f Planar stratification in SS., Parallel lamination in MOST. 
.Jc.. Convoluted bedding 
~ Orientation of SS. bodies 
-; Paleocurrent direction 
+ Blocky mudstone 
+-i- Fining upwards- coarsening upwards grain size 
Fossils 
'v- x' Bivalves- fragments ~ 
A-~ Gastropods- fragments '" 
E)=.:3 Vertebrate fossils s 
7 Plant fragments ~ 
5) Leaf imprints ..,. 
d? Wood frogmen ts © 
,.,.... Burrows 
-a. Petrified tree trunks 
A-- Root traces 
Other 







Figure 46 . Cross-section (A-A') of upper Bullion Creek 
Formation. Location of cross-section is shown 
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Figure 47. Cross-section (B-B') of upper Bullion Creek 
Formation. Location of cross-section is shown 
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Fi gure 48 . Cross-section (C-C') of upper Bullion Creek 
Formation . Location of cross-section is shown 
in Figure 45. For explanation of symbols , see 
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Figure 49 . Series of paleogeographic reconstructions for 
the proposed depositional history of the 
Bullion Creek Formation in the study area; 49A 
and 49B illustrate the proposed paleogeography 
during division A, 49C and 490 illustrate the 
proposed paleogeography during division B, and 
49E illustrates the proposed paleography 
during division C. 
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Figure 49 . (continued) Series of paleogeographic 
reconstructions for the proposed depositional 
h i story of the Bullion Creek Formation in the 
study area ; 49F and 49G illustrate the 
proposed paleogeography during division D, 
and, 49H and 49I illustrate the proposed 
paleogeography during division E . 
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area. These sandstones are interpreted to represent 
migrating lacustrine beaches. Lakes were subject to 
periodic draining and filling; and, as the lake levels 
changed, the beaches migrated, creating tabular sand 
deposits (Figs . 49A and 49B) . Farther offshore , away from 
the elastic input, calcium carbonate deposition occurred , 
and formed the lenses of limestone that are locally 
interbedded with the beach sandstones. Behind the beaches , 
wetland areas existed, probably swamps with scattered small 
lakes and ponds. Calcium carbonate also formed in these 
ponds and lakes . The end of division A was marked by a 
final recession of the lake waters, leaving an exposed lake 
plain or swamp (Fig. 49C). 
Division Bis characterized by type A sandstone 
bodies . These bodies represent channels which avulsed into 
the drained-lake setting . The lack of deltaic deposits or 
tabular deposits (beach deposits) directly below the type A 
sandstone bodies implies that deposition did not take place 
in a standing body of water. The cause of this drop in 
lake level is not understood . Wallick (1984) attributed 
similar features in equivalent rocks in his study area to 
lowering of lake level due to basin subsidence. 
As equilibrium with base level was reached , the 
channels began to fill with sand and form levees and 
floodplains . The "wing" deposits , associated with the 
upper portions of the sandstone bodies, record the 
beginning of deposition onto the floodplain as the system 
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shifted toward equilibrium. At this point, base level was 
approached, avulsion again occurred upstream, and the 
depositional locus moved outside the study area. The 
carbonaceous mudshales which cap some of the type A 
sandstone bodies represent swamps that formed in channels 
after abandonment. 
The type C sandstone body occurs in the lower part of 
division C and the upper part of division B. It probably 
represents a delta built into a small lake or pond on the 
floodplain. The type A limestone bodies directly below the 
sandstone body formed in this small lake. This deltaic 
body represents a move toward equilibrium of the avulsing 
fluvial systems. There appears to be a poorly exposed 
lateral contact between the type C sandstone body and a 
type A sandstone body. 
Figure 490 is a paleogeographic reconstruction of the 
study area during the latter time of deposition of division 
B. Low sinuosity channel systems flowed to the east-
northeast. Wide levees formed along the channels . The 
interchannel areas were swamps and smaller lakes, some of 
which were filled in by deltas. These low areas became the 
sites of deposition by sub-deltas and smaller splays. 
Division C is characterized by abundant type B 
sandstone bodies and discontinuous lignites. The lower and 
upper contacts of division Care gradational. The 
depositional environment during this division was swamps 
and generally very wet conditions. Figure 49E is a 
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paleogeographic reconstruction of the study area during 
deposition of division C. After the channel systems in 
division B avulsed, the area either began to subside again 
or lake level rose . In either case, swamps, in which peat 
accumulated, formed. The major channels were to the north 
and south of the study area. The channels deposited sand 
into the study area, now a low area, and formed sub-deltas 
(type B sandstone bodies) . This supply of sand, which 
appears to have alternated from channels lying both to the 
north and the south, formed the type B sandstone bodies, 
which interfinger with lignites and have opposing 
paleocurrent directions. The channels probably remained 
stable for long periods of time, allowing time for stacked 
splays to accumulate. Deposition was principally by 
vertical accretion . The channels migrated laterally only 
slightly, probably due to the fine grain size and heavy 
vegetation of the banks. Unfortunately, the channels 
responsible for the sub-deltas in division Bin the study 
area could not be identified because of poor exposure, but 
type A sandstone bodies occur at similar horizons in 
surrounding areas. 
Division Dis characterized by fewer sandstone bodies 
and lignites than below; sandstone bodies and lignite that 
are present are generally thicker, although not laterally 
continuous. Poor preservation of the sandstone bodies and 
lack of sedimentary structures appears to be normal for 
division D. 
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Limestones are fairly common , although distinct horizons 
are not as continuous as those in division B . 
During the time represented by this division , the 
major channels must have migrated farther away , limiting 
sand deposition in the study area to either small fluvial 
channels or exceptional flood events . Some of the type B 
sandstone bodies , that may represent small braided river 
systems , occur at this level . They are associated with 
interbedded siltstones and mudstones that are interpreted 
as levee deposits. The direction of flow of these systems 
appears to have been to the south . Figure 49F illustrates 
the probable depositional setting . The limestones probably 
formed in small lakes and ponds on the floodplain. 
Di vision Eis characterized by the occurrence of the 
marker sandstone (type E sandstone body) and laterally 
continuous (at least over the study area) lignites and 
carbonaceous mudshales. Toward the end of the deposition 
of division D, sedimentation rate in the study area again 
slowed to a point where subsidence overcame vertical 
accretion . Swamps and , probably , lakes again began to 
form . The type E sandstone body represents a pulse of sand 
deposition , in the form of a very broad shallow delta , int o 
a lake or swamp . Once this depositional event was over , 
water levels again rose and swamp deposition predominated . 
This appears to have been the situation to the end of 
Bullion Creek time. Royse (1967) arrived at a similar 
depositional explanation for the HT Butte Lignite , which he 
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believed represented a vast swamp that formed during a 




1) The strata of the upper Bullion Creek Formation consist 
of sandstones (including coarser siltstones) , mudrocks 
(including finer-grained siltstones), lignites and 
limestones , all of continental origin . 
2) Five different types of sandstone bodies (Types A-E) 
were identified on the basis of sedimentary structures and 
sandstone body morphology. 
3) Mudrocks of both floodplain and lacustrine origin were 
identified . 
4) The lignites are dominantly lenticular and were probably 
formed on floodplains in association with fluvial systems , 
and in shallow swamps. 
5) Three types of limestone and one marlstone are present ; 
they are interpreted to have formed in lacustrine settings . 
6) The sandstones are of multiple origins and can be used 
to distinguish different depositional environments. 
Sandstones deposited in association with fluvial channels 
(channel fill, crevasse splay) are the most common type 
(sandstone types A and B) observed . Lacustrine-delta 




7) The depositional history of the upper Bullion Creek 
Formation in the study area is a complicated succession of 
alternating fluvial and lacustrine environments. Five (A-
E) divisions (rocks deposited in an arbitrary interval of 
time) were distinguished based on the different types and 
amounts of lithologies. These divisions are believed to 
have been deposited in different depositional environments . 
A) Division A is the lowest division and is 
characterized by strata believed to have been deposited as 
thin, broad, lacustrine beach deposits, that probably 
formed as a lake regressed. 
B) Division Bis interpreted to represent 
channel-fill alluvium, deposited in low-sinuosity streams 
on an exposed lake plain or swamp. 
C) Division C is thought to be the result of 
large crevasse splay deposits that prograded onto a swamp 
environment from channels to the north and south of the 
study area. 
D) Division Dis characterized by strata most 
likely deposited by small, braided , stream systems that 
flowed across a low area which contained abundant small 
ponds and lakes. 
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E) Division E includes the uppermost Bullion 
Creek Formation. This division contains strata interpreted 
to hav e been deposited as broad deltaic deposits, formed in 
a large , shallow lake or swamp ; and, is thought to 




Stratigraphic section No . 2 
Secti on measured in Bullion Creek Formation , SE 1/4 , NE 
1 / 4 , NW 1 / 4 , section 22, T. 142 N. , R . 102 W. Exposure 
is on b u t t e on north side of drainage . Measured July 1 , 
1984 by Rod Perkins. Total thickness is 53 . 7 metres 
(cumulati v e thicknesses in parentheses) . 
Thickness 
in metres 
2.5(53 . 70) 
0 .4(51. 20) 
2 . 5(50 .80) 
4 . 0(4 8. 30) 
0 .4(44 .30) 
0 . 3(4 3.90) 
0 . 3(43.60) 
2 . 5( 43 .30) 
1 . 1( 40.80) 
3 . 1 ( 39 .70) 
Top of Section 
MUDSHALE, light olive gray (5 Y 5/2) 
MUDSHALE, moderate brown (5 YR 3/4) , very 
lignitic , peat, thin clinker at top 
SANDSTONE , yellowish gray (5 Y 7/2), 
poorly exposed , poorly indurated , 
lenticular well-indurated sandstone 
bodies, siderite concretions, mollusc 
shell fragments 
MUDSHALE , light olive gray (5 Y 5/2) , 
grading to dark yellowish orange (10 YR 
6/ 6) near top 
MUDSHALE , grayish red (5 R 4/2) 
LIGNITE, poorly developed , gypsum 
crystals , sandy 
MUDSHALE, dark gray (N3) 
SANDSTONE , yellowish gray (5 Y 7/2) , 
poorly indurated, s i derite concretions , 
structureless 
MUDSHALE , light olive gray (5 Y 5/2) , 
yellowish-orange bands (calcareous) 
MUDSHALE , light olive gray (5 Y 5/2) with 
dark-yellowish-orange (10 YR 6/6) 
yellowish-orange bands (calcareous) , 
gradational lower contact, at 0 . 6 m above 
the base there is a 20 cm laterally 
discontinuous limestone which weathers 
flaggy , capped by a moderate-brown (5 YR 
4/ 4) , carbonaceous mudshale 
1.2(36 . 60) 
2.0(35.40) 
0 . 2(33 . 40) 
2.0(33 . 20) 
0.2(31 . 20) 
1.0(31.00) 
0 . 3(30 . 00) 
0 . 6(29 . 70) 
1.2(29 . 10) 
0 . 4(27 . 90) 
2.5(27 . 50) 
0 . 3(25 . 00) 
1.0(24.70) 
1.0(23.70) 
0 . 2(22.70) 
1.0(22 . 50) 
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MUDSHALE, dark gray (N3), limestone 
concretions , molluscan fragments , plant 
fossils 
SANDSTONE, yellowish gray (5 Y 7/2) , 
poorly indurated, structureless , 
molluscan shell fragments , sample J-1 - 2-3 
LIGNITE, gradational lower boundary 
MUDSHALE, light olive gray (5 Y 5/2) 
MUDSHALE, medium gray (NS) 
MUDSHALE, light olive gray (5 Y 5/2) , 
plant fossils 
MUDSHALE, dark gray (N3), 7 cm lignitic 
cap 
SANDSTONE, yellowish gray (5 Y 7/2), well 
indurated, gradational lower contact , 
cross-stratified, siderite concretions, 
laterally gets muddy, sample J-1-2-2 
MUDSHALE, light olive gray (5 Y 5/2), 
yellowish-orange bands (calcareous) ; in 
upper 30 cm there are cross- and planar-
laminations 
SANDSTONE, yellowish gray (5 Y 7/2) , well 
indurated, cross-laminated (1-2 cm thick 
sets), vertical siderite concretions (5 
to 6 cm thick), calcareous , sample 
J-1-2-1 
MUDSHALE, light olive gray (5 Y 5/2), 
dark yellowish orange (10 YR 6/6) 
calcareous bands, bivalves near top 
MUDSHALE , light gray (N7), abundant 
molluscan fossils at lower contact 
MUDSHALE, olive gray (5 Y 4/2) , 4 cm 
lignitic cap 
MUDSHALE, light olive gray (5 Y 5/2) , 5 
cm lignitic cap 
LIGNITE , moderate brown (5 YR 3/4) , 
poorly developed 
MUDSHALE, dark gray (N3), gradational 
lower boundary 
1 . 0(21.50) 
0.2(20 . 50) 
1 . 5(20 . 30) 
0 . 6(18 . 80) 
1 . 5(18 . 20) 
1. 0(16 . 70) 
0 . 1(15 . 70) 
0.4(15 . 60) 
0 . 1 (15 . 20) 
0 . 1(15 . 10) 
0 . 5(15 . 00) 
4.0(14 . 50) 
3 . 0(10 . 50) 
0 . 7(7 . 50) 
1.3(6.80) 
0 . 5(5 . 50) 
0.5(5 . 00) 
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MUDSHALE , light olive gray (5 Y 5/2) 
LIGNITE 
MUDSHALE , dark gray (N3) 
LIGNITE, well developed, sulfur , gypsum 
crystals 
MUDSHALE, light olive gray (5 Y 5/2) 
MUDSHALE, medium gray (NS) , 5 cm 
carbonaceous cap 
MUDSHALE, dark gray (N3) , very 
carbonaceous , lignitic 
MUDSHALE, medium gray (N3) 
MUDSHALE, moderate brown (5 YR 6/4) , 
lignitic , very carbonaceous 
MUDSHALE, dark yellowish orange (10 YR 
6/6), very calcareous 
MUDSHALE , light olive gray (10 Y 5/2) , 
very silty 
COVERED 
MUDSHALE , light olive gray (5 Y 5/2) with 
some dark yellowish orange (10 YR 6 / 6) 
bands 
MUDSHALE , dark yellowish orange (10 YR 
6/6) 
SANDSTONE, light gray (N7) , poorly 
indurated , gradational lower contact , 
cross-stratified , muddy , layers with 
siderite concretions 
MUDSHALE, medium gray (NS) , cross-
laminated (1 cm thick sets) 
MUDSHALE , medium gray (NS), 5 cm 
carbonaceous cap 
1.2(4.50) 
2.2(3 . 30) 
0 . 4(1.10) 
0 . 7( . 70) 
?? 
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SANDSTONE, yellowish gray (5 Y 7/2), 
planar-stratification , grades laterally 
into limestone, limestone is very silty 
at base grading up into a cleaner 
limestone (pale yellowish orange (10 YR 
8/6) , 20 cm thick) 
MUDSHALE , light olive gray (5 Y 5/2) , 
gradational lower contact , cross-
stratified sandstone lenses, blocky 
MUDSHALE, dark gray (N3) , lignite 
fragments, lignite lenses (5 cm thick), 
gradational lower contact 
MUDSHALE, light olive gray (5 Y 5/2) , 
plant fossils 
SANDSTONE, irregular siderite concretions 
(2to 10 m), poorly indurated, cross-
laminated, muddy 
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Stratigraphic Section No . 4 
Section measured in Bullion Creek Formation, SW c , NW 
1/4, NE 1/4 , section 22, T . 142 N., R. 102 W. Measured 
on July 12 , 1984 by Rod Perkins. Total thickness is 




0 . 40(49 . 20) 
0 . 75(48 . 80) 
1.50(48 . 05) 
0.40(46.55) 
1.00(46 . 15) 
0 . 50(45.15) 
l.Oq(44 . 65) 
2 . 00(43 . 65) 
0 . 40(41 . 65) 
1.50(41 . 25) 
0 . 20(39.75) 
1 . 70(39.55) 
Top of Section 
MUDSHALE, light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6) 
LIGNITE, gypsum crystals 
MUDSHALE , medium gray (N5) 
SANDSTONE, light gray {N7), poorly 
indurated with some calcareous stringers , 
weathers very light gray (NS) 
MUDSHALE, yellowish gray (5 Y 7/2), plant 
fossils 
SANDSTONE, light gray (NS) , elongated 
indurated sandstones (30 X 5 cm thick, 
long axis oriented Nl80, cross-laminated , 
sample J-12-4-5) 
MUDSHALE, light olive gray (5 Y 5/2) , 
finely laminated , breaks up into very 
fine pieces 
SANDSTONE, light gray (N7) , poorly to 
moderately indurated, cross-stratified, 
molluscan fossils at base, siderite 
concretions 
MUDSHALE, light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6) 
LIGNITE, well developed, gypsum crystals 
SANDSTONE, yellowish gray (5 Y 3/2) , 
poorly indurated, structureless, siderite 
concretions 
MUDSHALE, olive gray (5 Y 4/2) 
MUDSHALE, light olive gray (5 Y 6/5) , 
finely fissile, blocky towards top 
0.50(37 . 85) 
4 . 00(37.35) 
0 . 70(33 . 35) 
0 . 15(32 . 65) 
4 . 50(32.50) 
0 . 30(28.00) 
0 . 70(27.70) 
0.70(27.00) 
1 . 10(26 . 30) 
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SANDSTONE, yellowish gray (5 Y 7/2), 
poorly indurated, cross-laminated (small 
to medium scale) , siderite concretions 
MUDSHALE, dark yellowish orange (10 YR 
6/6) at base grading up to light gray 
(N7) , 2 - 3 cm partings in upper meter, 
plant fossils in upper 2 meters, blocky 
near top 
SANDSTONE, yellowish gray (5 Y 7/2) , 
poorly indurated, cross-stratified, 
siderite concretions along lower contact 
MUDSHALE, grayish black (N2), sandstone 
stringers (fine to medium sand), sample 
J-12-4-3 at top 
MUDSHALE, light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6) , 
yellowish-orange bands (calcareous) 
MUDSHALE, dark gray (N3), very 
fossiliferous 
SILTSHALE, yellowish gray (5 Y 7/2) , 
poorly indurated, finely laminated (1-2 
mm) 
SILTSHALE, yellowish gray (5 Y 7/2), 
poorly indurated, finely laminated (1-2 
mm) 
MUDSHALE, light olive brown (5 Y 5/6), 
calcareous layers weathering out small 
dark yellowish orange (10 YR 6/6) 
limestone nodules, laterally develops 
into larger limestones 
2 . 20(25 . 20) 
3 .70(23 . 00) 
0.30(19 . 30) 
1 . 50(19.00) 
0 . 30(17.50) 
0.50(17.20) 
0.20(16 . 70) 
0.65(16.50) 
0.20(15.85) 
1 . 00(15 . 65) 
1.00(14.65) 
0 . 10(13.65) 
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SANDSTONE , yellowish gray (5 Y 7/2), 
abrupt lower contact; lower sandstone is 
interlaminated mudstone and sandstone , 
distinct sandstones separated by shaly 
layer; lower 50 cm is poorly indurated, 
next sandstone above is 60 cm thick and 
contains cross-lamination (1 to 3 cm 
thick sets), next 10 to 15 cm are better 
indurated and contain small-scale cross 
laminations , next 30 cm is flaggy and 
moderately indurated , top of the 
sandstone is poorly indurated and 
structureless; some petrified wood (2 to 
3 cm long pieces) , siderite concretions , 
samples J-12-4-2a and J-12-4 - 2b are out 
of 10 to 15 cm sandstone 
MUDSTONE , light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6); dark 
yellowish orange layer laterally develops 
into limestone, blocky 
MUDSHALE , moderate brown (5 YR 3/4), 
abundant plant fossils 
MUDSTONE, light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6) 
MUDSHALE, medium gray (NS) , lignite 
stringers (2-3 cm thick), iron oxide 
staining 
SILTSTONE, yellowish gray (5 Y 7/3) , 
possibly cross-stratified , poorly 
indurated, siderite concretions 
LIGNITE 
MUDSHALE, medium gray (NS), sulfur, 
lignite stringers , blocky , very hard, 
plant fossils, dusky brown (5 YR 2/2) at 
top 
LIGNITE 
MUDSHALE, light olive gray (5 Y 5/2) , 
silty at base to finely blocky at top 
SILTSTONE, yellowish gray (5 Y 7/2), 
poorly indurated , abrupt lower contact , 
siderite concretions , cross-stratified 
MUDSHALE , dark gray (N3) 
1 . 30(13.55) 
0 . 50(12.55) 
1 . 70(11 . 75) 
0 . 20(10 . 05) 
0 . 65(9 . 85) 
1 . 20(9 . 20) 
8 . 00(8 . 00) 
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LIGNITE, well developed, gypsum crystals 
SANDSTONE, yellowish gray (5 Y 7/2), 
abrupt lower contact, planar 
stratification, siderite concretions , 
lignitic root traces 
MUDSHALE, light olive gray (5 Y 5/2) , 
blocky, varve like laminations in upper 
part of shale, lignitlc root traces 
LIGNITE, well developed 
MUDSHALE, light olive gray (5 Y 5/2), 
lignltic root traces 
MUDSTONE, light olive gray (5 Y 5/2) , 
plant fossils 
SANDSTONE, yellowish gray (5 Y 7/2), 
moderately indurated cross-bedded (60 cm 
thick sets, tabular, paleocurrent 
direction ls Nl30), siderite concretions 
(vertical) , zones of differing 
permeability , cross-laminated (kappa, 2-3 
cm sets, cosets are 50 cm thick) , planar-
stratification which truncates cosets (10 
to 15 degree inclined planar contacts) , 
sample J-12-4-l out of planar-
stratlfication, several calcareous 
layers, becomes flaggy towards top, 
possible bloturbation lined by iron oxide 
near top, sandstone is poorly exposed 
near top 
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Stratigraphic Section No . 5 
Section measured in Bullion Creek Formation C S/2 , SE 
1 / 4 , NE 1 / 4 , NE 1/4 , section 22 , T . 142 N., R . 102 W. 
Measured by on July 13 , 1984 by Rod Perkins . Total 
thickness is 28.15 metres (cumulative thicknesses in 
parentheses) . 
? 
0 . 30(28 . 15) 
0 . 40(27 . 85) 
0 . 15(27 . 45) 
1 . 20(27.30) 
2. 00(26.10) 
0 .50(24 . 10) 
2 . 00(23 . 60) 
2. 00(21 . 60) 
2 . 00(19.60) 
0. 20(17 . 60) 
SANDSTONE , light gray (N7) , very silty , 
poorly indurated , cross-laminated . 
MUDSTONE , dark yellowish orange (10 YR 
6/6) , calcareous 
MUDSHALE , yellowish gray (5 Y 7/2) 
LIMESTONE , pale yellowish gray (10 YR 
6/6) , fairly continuous , occurs within a 
gray mudstone 
SANDSTONE , light gray (N7) , poorly 
indurated , cross-laminated , sample J - 13-
5 - 7 , sparse siderite concretions 
MUDSHALE , light olive gray (5 Y 5/2) , 
fractures filled with gypsum crystals , 
petrified trees 
LIGNITE , moderate brown (5 YR 3/ 4) , 
poorly developed 
MUDSHALE , medium gray (NS) , poorly 
exposed 
MUDSHALE , pale yellowish orange (10 YR 
8 / 6 ) to dark yellowish orange (10 YR 
6/6) , yellowish-orange bands (calcareous ) 
MUDSHALE , light gray (N7) , silty dark 
yellowish orange (10 YR 6 / 6) mudshale 
layers (yellowish-orange bands 
( calcareous I I 
MUDSHALE , dark yellowish orange (10 YR 
6 / 6) 
1 . 20(17 . 40) 
0.40(16.20) 
0 . 50(15 . 80) 
1 . 80(15 . 30) 
1.50(13.50) 
2 . 50(12 . 00) 
0 . 70(9.50) 
0 . 50(8.80) 
1 . 00(8 . 30) 
0 . 70(7 . 30) 
0.50(6 . 60) 
0 . 20(6.10) 
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SANDSTONE, light gray (N7) , cross-
laminated (small to medium scale), 
moderately well lndurated, lenticular 
sandstone bodies, sample J-13-5-6 taken 
near the base of the lndurated body. 
MUDSTONE , light olive gray (5 Y 5/2) 
MUDSTONE, dark yellowish orange (10 YR 
6/6), limestone concretions a the top , 
gradational lower boundary 
MUDSTONE, pale yellowish orange (10 YR 
8/6), gray (N6) near the top 
CLAYSTONE, gray (NS), gastropods (sample 
J-13 - 5-4), large plant impressions , 
fissile 
SANDSTONE, yellowish gray (5 Y 7/2) , 
interbedded indurated and non-lndurated , 
sample J-13-5-2 from lndurated sandstone 
7 cm above the base, sample J-13-5-3 ls 
from non-lndurated sandstone just above 
the base, very silty , structureless , 
grades to light gray color near the top , 
coarsens upward 
MUDSHALE, yellowish gray (5 Y 7/2) , very 
silty, sparse molluscan and plant 
fragments 
MUDSHALE, olive gray (5 Y 3/2) , at the 
base there ls a thin layer with abundant 
molluscan fossils, abrupt lower contact , 
plant fossils, bivalves occur in layer 
one or two bivalves thick 
MUDSHALE, light gray (N7), limestone 
concretions, laminated, vertical 
fractures with iron oxide stained and 
gypsum crystals , gastropods 
MUDSHALE, light gray (N7) , mottled with 
dark yellowish orange (10 YR 6/6), small 
limestone pieces weather out 
SILTSHALE, yellowish gray (5 Y 7/2), 
laminated with 1-2 mm mudstone laminae , 3 
cm carbonaceous cap 
MUDSHALE, dark yellowish orange (10 YR 
6/6), weathers out limestone 
l.00(5.90) 
0 . 60(4 . 90) 
1.00(4 . 30) 
0 . 40(3 . 30) 
0 . 60(2.90) 
0 . 30(2.30) 
1 . 00(2 . 00) 
1 . 00(1 . 00) 
? 
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MUDSTONE , dark yellowish orange (10 YR 
6/6) to medium gray (N5) near the top 
MUDSHALE, light gray (N7), very silty, 
cross-stratified , sample J-13-5-2 
MUDSTONE, dark yellowish orange (10 YR 
6/6) mottled with light gray (N7) 
MUDSTONE, light gray (N7) , poorly 
indurated, cross-stratified 
MUDSHALE, dark yellowish orange (10 YR 
6/6), finely laminated (l mm) 
MUDSTONE, dark yellowish orange (10 YR 
6/6) , 5 cm carbonaceous cap 
SILTSTONE, yellowish gray (5 Y 7/2) , 
poorly indurated , structureless , siderite 
concretions 
MUDSTONE , olive gray (5 Y 5/2), gypsum 
crystals, 5 cm carbonaceous cap 
MUDSTONE , yellowish orange (10 YR 7/6) 
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Measured Section No . 6 
Section measured in the Bullion Creek Formation . 
SW 1/4, NE 1/4 , SE 1/4, section 22 , T . ·142 N. , R . 102 
W., Billings County, North Dakota. Measured July 13 , 
1984 by Rod Perkins. Total thickness is 42.10 metres 
(cumulative thicknesses in parentheses) . 
Thickness 
in metres 
0.30(42 . 10) 
0 . 30(41 . 80) 
1 . 40(41 . 50) 
1.20(41 . 10) 
0.10(38 . 90) 
3 . 40(38.80) 
0 . 50(35 . 40) 
0.50(34.90) 
0 . 50(34 . 40) 
4 . 50(33.90) 
1.50(29.40) 
4 . 00(27.90) 
Top of Section 
LIGNITE 
MUDSHALE , dusky brown (5 Y 2/2) , gypsum 
crystals 
SILTSTONE, light gray (N7) , very poorly 
indurated, structureless 
MUDSTONE, light olive gray (5 Y 5/2) , 
large petrified logs 
MUDSHALE, dark yellowish orange (10 YR 
6/6), calcareous 
SANDSTONE, light gray (N7) , poorly 
indurated with smaller , well-indurated, 
lenticular sandstone bodies (elongate in 
N275 direction) , sample J-13-6-4 , 
siderite concretions 
MUDSHALE, yellowish gray (5 Y 7/2) 
LIGNITE, dusky brown (5 YR 2/2), well 
developed 
MUDSHALE, moderate brown (5 YR 3/4) 
SANDSTONE, yellowish gray (5 Y 7/2) , 
poorly indurated , trough cross-bedded , 
petrified logs 
MUDSHALE , light gray (N7), siderite 
concretions , molluscan fossils 
MUDSHALE, light olive gray (5 Y 5/2) , 
dark yellowish orange (10 YR 6/6) , 
yellowish-orange bands (calcareous) that 
weather out limestone 
1 . 00(23 . 90) 
1 . 00(22 . 90) 
3 . 30(21 . 98) 
0 . 20(18 . 60) 
1.00(18.40) 
0.50(17.40) 
1 . 70(16.90) 
0 . 60(15 . 20) 
0 . 80(14.60) 
0 . 40(13.80) 
4 . 00(13.40) 
0.70(9 . 40) 
1 . 00(8 . 70) 
0 . 30(7 . 70) 
0.40(7.40) 
0 . 10(7 . 00) 
0.30(6 . 90) 
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SANDSTONE, yellowish gray (5 Y 7/2) , 
poorly indurated, gradational lower 
contact, structureless 
SILTSTONE, yellowish gray (5 Y 7/2) , 
poorly indurated , becomes sandy in upper 
70 cm 
MUDSHALE, light olive gray (5 Y 5/2) 
mottled with dark yellowish orange (10 YR 
6/6) , 5 cm carbonaceous cap , abundant 
plant fossils throughout 
MUDSHALE, dusky brown (5 Y 2/2), gypsum 
crystals, abundant plant fossils, 
molluscan fossils 
MUDSTONE , pale yellowish orange (10 YR 
8/6) 
SANDSTONE, yellowish gray (5 Y 5/2) , 
moderately indurated, cross-stratified , 
planar-stratified , siderite concretions 
MUDSHALE , light gray (N7) mottled with 
dark yellowish orange (10 YR 6/6), finely 
laminated , plant fossils 
SANDSTONE, yellowish gray (5 Y 7/2), 
poorly indurated , cross-stratified 
MUDSHALE, light olive gray (5 Y 5/2) 
MUDSHALE , medium gray (NS) , grades into 
lignitic mudshale at top 
COVERED 
LIGNITE, well developed , gypsum crystals , 
MUDSTONE , light olive gray (5 Y 6/1) , 
interlaminated siltstone and mudstone (1 
mm thick) , some gray clay layers that 
truncate cosets (5 cm thick) of beds 
CLAYSHALE , gray (N6) , indurated , 
laminated, blocky, plant fossils 
CLAYSHALE, gray (N6) , iron oxide stained , 
blocky , 3 cm carbonaceous cap 
LIGNITE , poorly developed 
CLAYSHALE , medium gray (N5) 
0 . 75(6 . 60) 
0 . 30(5 . 85) 
0 . 50(5 . 55) 
1 . 60(5.05) 
1.50(3 . 45) 
0.35(1 . 15) 
0 . 80( . 80) 
? 
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MUDSHALE , moderate brown (5 YR 3/4) , very 
carbonaceous (lignitic) with some small 
seams of better developed lignite , 
abundant plant fossils 
CLAYSHALE, medium gray (NS) , blocky 
SILTSTONE, yellowish gray (5 Y 7/2) , 
shaly , siderite concretions 
MUDSHALE , medium gray (NS), iron oxide 
stained , sparse plant fossils 
CLAYSHALE, medium gray (NS) , numerous 
root casts, iron oxide stained , plant 
fossils , blocky, capped by 5 cm lignitic 
shale 
MUDSHALE , medium gray (NS) , grades into 5 
cm carbonaceous mudshale 
SILTSTONE, yel l owish gray (5 Y 7/2) , 
poorly indurated, muddy, sample J - 13-6-1 
MUDSHALE, medium gray (NS), root casts , 
iron oxide stained 
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Measured Section No . 7 
Section measured in the Bullion Creek Formation , 
center of SE 1/4 , NE 1/4 , section 21 , T. 142 N., R. 102 
W., Billings County , North Dakota . Measured July 14 , 
1984 by Rod Perkins . Total thickness is 78 . 45 metres 




0.40(78 . 45) 
1.00(78.05) 
1.20(77 . 05) 
2.60(75 . 85) 
0 . 25(73 . 25) 
1 . 00(73.00) 
0 . 30(72.00) 
2 . 00(71 . 70) 
0.50(69.70) 
1.00(69.20) 
2 . 50(68.20) 
0 . 20(67 . 70) 
Top of Section 
MUDSHALE, light olive gray (5 Y 5/2) , 
poorly exposed 
LIGNITE 
MUDSHALE , light olive gray (5 Y 5/2) to 
gray (N6) 
SANDSTONE, light gray (NS), poorly 
indurated, structureless , sample 
J-14-7-9 
MUDSHALE, light olive gray (5 Y 5/2) 
SILTSHALE, moderately indurated, cross-
stratified, siderite concretions 
MUDSTONE, light olive gray (5 Y 5/2) , 
siltstone stringers 
SILTSTONE, moderately indurated, planar 
stratified, possibly cross-laminated 
MUDSHALE, pale yellowish orange (5 YR 
8/6) to dark yellowish orange (10 YR 6/6) 
MUDSHALE, gray (N6) 
SANDSTONE , light gray (NS) , moderately 
indurated, cross-laminated (2-3 cm thick 
sets), sample J-14-7-8 
MUDSHALE, light olive gray (5 Y 5/2) , 
yellowish-orange bands (calcareous) 
LIGNITE , dusky brown (5 Y 2/2) 
1 . 00(65.50) 
1 . 50(64 . 50) 
0 . 50(63 . 00) 
1 . 30(62.50) 
1.00(61.20) 
1 . 30(60.20) 
1 . 20(58 . 90) 
2 . 50(57 . 70) 
0.90(55 . 20) 
0 . 70(54 . 30) 
0 . 60(53.60) 
1.00(53 . 00) 
0.30(52 . 00) 
2 . 00(51.70) 
1.00(49 . 70) 
0.15(48 . 70) 
0.50(48 . 55) 
2 . 00(48 . 05) 
149 
MUDSHALE, gray (N6) , limestone lenses 
laterally 
MUDSHALE , light olive gray (5 Y 5/2) , 
yellowish-orange bands (calcareous) 
MUDSHALE, gray (N6) , carbonaceous , plant 
fragments 
MUDSHALE, light olive gray (5 Y 5/2), 
yellowish-orange bands (calcareous) 
MUDSHALE, gray (N6) 
MUDSHALE, light olive gray (5 Y 5/2) 
SILTSTONE, light gray , poorly indurated 
and exposed, sample J-14-7-7 
MUDSHALE, dark yellowish orange (10 YR 
6/6) , yellow calcareous streaks (5 - 10 
cm) , thin gray fossiliferous mudshale at 
top (bivalves, gastropods) 
MUDSHALE, light olive gray (5 Y 5/2) 
grading to gray (N6) at top, lignitic cap 
SILTSTONE, gray (N6) , siderite 
concretions, poorly indurated 
LIGNITE, dusky brown (5 Y 2/2), poorly 
developed , laterally gradational to 
mudshale with plant and mollusc fragments 
MUDSHALE, olive gray (5 Y 3/2) 
LIGNITE, poorly exposed 
MUDSHALE , gray (N6) to light olive gray 
(5 Y 5/2) 
SILTSTONE , pale yellowish orange (5 YR 
8/6), siderite concretions , shaly, 
structureless , sample J-14-7-6 
LIGNITE 
MUDSHALE, gray (N6) 
SILTSTONE, gray (N6), siderite 
concretions, muddy 
0.50(46 . 05) 
4.00(45 . 55) 
7 . 00(41.55) 
0 . 60(34 . 55) 
1.00(33 . 95) 
0 . 50(32.95) 
2 . 00(32 . 45) 
2 . 00(30 . 45) 
3.30(28 . 45) 
1.60(25 . 15) 
0 . 20(23 . 55) 
1 . 20(23.35) 




MUDSHALE , gray (N6) , lignite cap , 
laterally there is a sandstone body that 
is 5 to 6 meters thick : orientation of 
long axis is approximately Nl80 
MUDSHALE, iron oxide stained , yellowish-
orange bands (calcareous) , 
limestone concretions 
MUDSHALE, light olive gray (5 Y 5/2) , 
siderite concretions , poorly exposed , 
yellowish-orange bands (calcareous) 
MUDSHALE , light olive gray (5 Y 5/2) , 
gastropods and bivalves at top 
MUDSHALE, gray (N6) , finely fissile , 
fossiliferous, 5 cm lignite cap 
LIMESTONE, laterally discontinuous , 
occurs in lenses 
MUDSHALE, gray (N6), silty, poor exposed 
SANDSTONE, yellowish gray (5 Y 7/2) , 
structureless , poorly indurated 
MUDSHALE , gray (N6) to light olive gray 
(5 Y 5/2), finely fissile, plant 
fragments near top 
MUDSHALE, light olive gray (5 Y 5/2) 
MUDSHALE , olive gray (5 Y 3/2) , 
carbonaceous, capped by thin lignite 
MUDSHALE , light olive gray (5 Y 5/2) 
MUDSHALE, several thin lignites 
SANDSTONE, gray (N6), poorly indurated , 
gradational lower contact , siderite 
concretions , sample J-14-7-5 near middle 
LIMESTONE , gray (N6), sharp lower contact 
with marlstone , laterally discontinuous , 
becomes flaggy near top , laterally there 
is an elongate sandstone body (long axis 
oriented Nl50) 
1 . 00(18 . 15) 
2 . 50(17 . 5) 
0 . 40(14 . 65) 
0 . 20(14.25) 
0 . 20(14 . 05) 
0 . 50(13 . 85) 
1 . 70(13 . 35) 
2.20(11 . 65) 
3.00(9.45) 
0 . 10(6 . 45) 
1 . 00(6.35) 
0.60(5.35) 
0 . 80(4.75) 
0.40(3.95) 
0 . 30(3 . 55) 
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LIMESTONE, dark yellowish orange (10 YR 
6/6), very fossiliferous (gastropods and 
bivalves) , plant fragments (amber and 
lignitic plant material) , sample J - 14-7 - 5 
SANDSTONE, gray (N6) , cross-bedded (20 cm 
sets) truncated by planar stratification 
(20 cm set) , siderite concretions , sample 
J-14-7-4 from middle 
MUDSHALE, olive gray (5 Y 3/2), very 
carbonaceous, lignite stringers, plant 
fragments 
LIGNITE 
MUDSHALE, gray (N6) 
MUDSHALE, light olive gray (5 Y 5/2) , 
plant fragments 
SANDSTONE, l ight gray (N8) to yellowish 
gray (5 Y 7/2), climbing cross-lamination 
(1-2 cm thick sets) , siderite 
concretions , sample J - 14-7-3 , capped by 
thin claystone 
CLAYSTONE , gray (N6), fine partings, 
plant fragments, root traces , 
carbonaceous cap 
COVERED 
LIGNITE, dusky brown (5 Y 2 / 2) , 
carbonaceous, very fossiliferous, poorly 
developed, almost peat like 
MUDSHALE , light olive gray (5 Y 5/2) , 
blocky, bivalves 
LIGNITE , irregular upper surface 
MUDSHALE , gray (N6), contains thin cross-
stratified siltstone beds which are 
discontinuous laterally in a zone near 
the middle of the bed , lignite clasts , 
sample J-14-7-2 
SILTSTONE , sample J-14-7-1 
MUDSHALE , light gray (N8) , blocky, large 
lignite clasts 
0 . 30(3 . 25) 
0 . 20(2.95) 
0.20(2 . 75) 
0 . 20(2 . 55) 
0 . 15(2.35) 
0.20(2 . 20) 
0 . 60(2 . 00) 
0 . 30(1 . 40) 
0 . 70(1 . 10) 
0 . 40(0 . 40) 
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SILTSTONE, gray (N6) , planar 
stratification, siderite concretions, 
plant fragments , cleaner at top, sharp 
lower contact 
MUDSHALE, gray (N6), laminated , finely 
fissile, silty towards top 
CLAYSHALE , carbonaceous cap 
CLAYSHALE , carbonaceous cap, plant 
fragments 
CLAYSHALE , continuous gray bed 
CLAYSHALE, light olive gray (5 Y 5/2) 
CLAYSHALE, gray , 1-2 mm partings, 
vertical root traces, compacted 
gastropods 
MUDSHALE, light olive gray (5 Y 5/2) , 
grades into siltstone (cross-stratified , 
poorly induratedJ , plant fragments 
CLAYSHALE, gray (N6), laminated 
LIGNITE , well developed , varies in 
thickness laterally 
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Measured Section No. 8 
Section measured in the Bullion Creek Formation. center 
south line, section 21 , T . 142 N . , R. 102 W. , Billings 
County , North Dakota. Measured July 15, 1984 by Rod 
Perkins . Total thickness is 86 . 00 metres (cumulative 
thicknesses in parentheses) . 
Thickness 
in metres 
6 . 00(86 . 00) 
1.00(80 . 00) 
0 . 30(79 . 00) 
1 . 00(78 . 70) 
2 . 00(77.70) 
2.00(75 . 70) 
0 . 20(73 . 70) 
1.60(73.50) 
0 . 20(71.90) 
0 . 50(71.70) 
0.10(71.20) 
1.30(71 . 10) 
Top of Section 
SANDSTONE, light gray (N7) , limestone 
concretions, sample J-15-8-11 , shale 
stringers 
MUDSHALE, medium gray (NS) 
LIGNITE 
MUDSHALE , medium gray (NS), petrified 
trees , poorly exposed, muddy 
SANDSTONE , small to medium scale cross-
laminated, siderite concretions, sample 
J-15-8-10 from the middle 
MUDSHALE, light olive gray (5 Y 5/2) , 
yellowish-orange bands (calcareous) 
SILTSTONE , poorly indurated 
MUDSHALE, yellowish orange (10 YR 7/6) to 
light olive gray (5 Y 5/2) , yellowish-
orange bands (calcareous) , plant 
fragments 
LIGNITE, poorly developed , muddy 
MUDSHALE, medium gray (NS) 
LIGNITE, very muddy 
MUDSHALE , dusky brown (5 YR 2/2) 
2 . 50(69 . 80) 
2 . 00(67 . 30) 
0 . 35(65 . 30) 
2 . 00(64.95) 
0 . 30(62 . 95) 
2 . 20(62 . 65) 
0.10(60 . 45) 
1 . 00(60.35) 
0 . 30(59 . 35) 
0 . 30(59 . 05) 
0.50(58 . 75) 
0.30(58.25) 
1 . 20(57.95) 
0 . 30(56 . 75) 
0.60(56 . 45) 
3 . 50(55.85) 
1.00(52 . 35) 
1 . 00(51 . 35) 
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SANDSTONE , light gray (N7) , small to 
medium scale cross-laminated (2 - 3 cm 
sets) , vertical siderite concretions, 
sample J-15-8-9 from middle , zone at 2 m 
which is thin olive gray (5 Y 3/2) 
mudshale rich in plant material 
MUDSHALE , yellowish orange (10 YR 7 / 6) , 
silty, yellowish-orange bands 
(calcareous) , thin carbonaceous shales 
SILTSHALE , light olive gray (5 Y 5/2) , 
fissile , forms ledges , well indurated, 
siderite concretions 
MUDSHALE , pale yellowish orange (10 YR 
8/6) 
SILTSHALE, light ol i ve gray (5 Y 5/2) , 
fissile , forms ledges , well indurated , 
siderite concretions , sample J-15-8 - 8 
MUDSHALE, yellowish orange (10 YR 7/6), 
yellowish-orange bands (calcareous) 
LIGNITE 
MUDSHALE , medium gray (NS) 
SILTSTONE, siderite concretions , very 
muddy 
LIGNITE , poorly developed 
MUDSHALE, medium gray (NS) 
SILTSTONE , poorly exposed 
MUDSHALE, yellowish orange (10 YR 7 / 6) 
LIGNITE , poorly developed 
MUDSHALE , medium gray (NS) 
MUDSHALE , light olive gray (5 Y 5/2) , 
yellowish-orange bands (calcareous) 
SANDSTONE, light gray (N7) , parting 
lineations (partings 1-2 mm) , moderatel y 
indurated, flaggy , sample J-15-8-7 , plant 
fragments , siderite concretions 
MUDSHALE , pale yellowish orange (10 YR 
8 / 6) 
0.40(50 . 35) 
1.00(49 . 95) 
1.00(48 . 95) 
4 . 00(47 . 95) 
1 . 50(43 . 95) 
0 . 10(42 . 45) 
0 . 20(42 . 35) 
1.00(42.15) 
5.00(41 . 15) 
0 . 30(36 . 15) 
0 . 70(35 . 85) 
0 . 50(35.15) 
1 . 00(34 . 65) 
4 . 00(33 . 65) 
0 . 40(29 . 65) 
0 . 50(29 . 25) 
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LIGNITE , moderate brown (5 YR 3/4) at 
base to black (Nl) near top 
MUDSHALE, medi um gray (N5) , silty 
MUDSHALE, dark yellowish orange (10 YR 
6/6) 
MUDSHALE , light olive gray (5 Y 5/2) , 
ye l lowish-orange bands (calcareous) 
SILTSTONE , poorly exposed, molluscan 
fossils, poorly indurated and exposed , 
better developed laterally , muddy , are 
some well indurated elongate sandstone 
bodies, sample J-15-8-6 from poorly 
indurated siltstone 
MUDSTONE, dark yellowish orange (10 YR 
6 / 6), thin lignite cap , very 
fossiliferous , weathers abundant bivalve 
fragments 
CLAYSTONE , olive gray (5 Y 4 / 1) , gypsum 
crystals , thin lignite cap 
LIGNITE, moderate brown (5 YR 3/4) to 
black (Nl) 
MUDSHALE, light olive gray (5 Y 5/2), 
fissile , disseminated molluscan and plant 
fragments 
MUDSTONE, dark yellowish orange (10 YR 
6/6) 
SANDSTONE, light gray (N7), cross-
stratified, poor l y indurated 
MUDSHALE , yellowish orange (10 YR 7/6) 
SANDSTONE , light gray (N7) , poorly 
indurated and exposed, siderite 
concretions , sample J-15-8-5 
MUDSHALE, light olive gray (5 Y 5/2) , 
yellowish-orange bands (calcareous) 
MUDSHALE, moderate brown (5 YR 3/4) , 
gypsum crystals, very carbonaceous 
MUDSHALE, dusky brown (5 YR 2/2), bi-
valves near top 
0.50(28 . 75) 
2 . 30(28 . 25) 
0 . 70(25.95) 
2 . 00(25.25) 
0 . 50(23 . 25) 
0 . 30(22 . 75) 
3.50(22 . 45) 
0 . 30(18.95) 
0 . 60(18 . 65) 
0.20(18 . 05) 
2 . 00(17 . 85) 
0.15(15.85) 
4 . 70(15 . 70) 
0 . 30(11 . 00) 
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SILTSHALE , cross-stratified , poorly 
indurated , siderite concretions, grades 
into mudshale 
SILTSTONE, yellowish gray (5 Y 7/2) , 
poorly exposed, sparse molluscan fossils 
MUDSHALE , yellowish orange (10 YR 7/6) 
SANDSTONE , speckled yellowish orange (10 
YR 7/6) and gray (N6) , poorly indurated , 
sparse siderite concretions, sample 
J - 15-8-3 from middle , abrupt lower 
contact , 10 cm carbonaceous mudshale at 
20 cm spacing , plant fragments , becomes 
shaly towards top, capped by medium 
bluish gray (5 B 5/1) 20 cm layer which 
is very powdery (sample J-15-8-4) , thin 
lignite cap 
MUDSTONE , dusky brown (5 YR 2/2), plant 
fragments 
MUDSTONE , dark yellowish orange (10 YR 
6/6), limestone lenses are developed 
laterally 
MUDSTONE, light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6), some 
thin siltstone beds, yellowish-orange 
bands (calcareous), siderite concretions 
in siltstones 
MUDSTONE, dusky brown (5 YR 2/2) 
MUDSHALE , dark gray (N3) , fine 




LIGNITE , gradational lower contact 
MUDSHALE, medium gray (NS) to yellowish 
orange (10 YR 7 / 6) , some thin siltstones , 
plant fragments, sparse siderite 
concretions, yellowish-orange bands 
(calcareous) 
MUDSHALE , dusky brown (5 YR 2/2) 
1.50(10.70) 
0.80(9 . 20) 
3.00(8 . 40) 
0.70(5 . 40) 
1 . 80(4.70) 
0 . 60(2.90) 
0 . 80(2 . 30) 
1 . 50(1.50) 
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SILTSTONE , pale yellowish orange (10 YR 
8/6), muddy, poorly indurated , 
structureless 
MUDSHALE, silty 
SANDSTONE, light gray (N7) , cross-
stratified, planar stratification, poorly 
to well indurated, poorly exposed , 
siderite concretions , sample J-15-8-2 
SILTSTONE, light gray (N7), siderite 
concretions 
MUDSHALE, yellowish orange (10 YR 7/6) to 
medium gray (NS), plant fragments, silty 
SILTSTONE , yellowish gray (5 Y 7/2) , 
poorly indurated, poorly exposed 
MUDSHALE, light olive gray (5 Y 5/2) to 
yellowish orange (10 YR 7/6) 
SANDSTONE, cross-laminated (2-3 cm sets) , 
planar stratification, poorly to well 
indurated, sample J-15-8-1 from near base 
of indurated sandstone , capped by dark 
yellowish orange mudshale 
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Measure Section No . 9 
Section measured in the Bullion Creek Formation. 
SW corner , section 21, T . 142 N . , R. 102 W., Billings 
County, North Dakota . Measured on July 15, 1984 by Rod 
Perkins . Total thickness is 33.40 metres (cumulative 
thicknesses in parentheses) . 
Thickness 
in metres 
2 . 50(33 . 40) 
3 . 10(30.90) 
0 . 30(27.80) 
1 . 00(27.50) 
0.50(26 . 50) 
1 . 50(26 . 00) 
0 . 60(24.50) 
4.70(23.90) 
1 . 00(19 . 20) 
1 . 00(18.20) 
2 . 60(17 . 20) 
1 . 00(14 . 60) 
3 . 70(13 . 60) 
Top of Section 
SILTSTONE, light gray (N7), very poorly 
exposed, sample J-15-9-4, possibly 
overlain by lignite 
MUDSHALE , yellowish orange (10 YR 7/6) 
SILTSTONE, poorly exposed 
MUDSHALE, yellowish orange (10 YR 7/6) 
grades to medium gray (NS) near top 
SILTSTONE, light gray (N7), poorly 
exposed 
MUDSHALE , yellowish orange (10 YR 7/6) to 
light gray (N7) 
MUDSHALE, medium gray (NS) 
SANDSTONE , yellowish gray (5 Y 7/2) , 
poorly indurated, structureless, 
concretions , sample J-15-9-4 from base, 
dark yellowish orange (10 YR 6/6) thin 
calcareous stringers which break into 
small pieces 
LIGNITE , poorly to well developed 
MUDSHALE , medium gray (NS) , carbonaceous 
MUDSHALE, light olive gray (5 Y 5 / 2) with 
dark yellowish orange (10 YR 6/6) bands 
(calcareous) 
SILTSTONE , muddy , poorly developed 
MUDSHALE, yellowish orange (10 YR 7/6) to 
light olive gray (5 Y 5 / 2) 
0 . 20(9 . 90) 
1.00(9.70) 
0 . 10(8.70) 





2 . 20(3 . 20) 
1.00(1.00) 
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SILTSTONE, light gray (N7), sample 
J-15-9-3, very similar to the inside of 
the oval siderite concretions, local 
MUDSHALE, yellowish orange (10 YR 7/6) to 
light olive gray (5 Y 5/2), capped by 
dark yellowish orange (10 YR 6/6) iron 
oxide stained layer with small marcasite 
concretions and jarosite 
MUDSHALE, yellowish orange (10 YR 7/6) 
grading up to a light olive gray (5 Y 
5/2) and finally capped by thin lignite 
SANDSTONE, light gray (N7), cross-
stratified, siderite concretions, at 1 . 3 
m there is a 5 cm organic mudstone layer , 
sample J-15-9-2 from middle of sandstone 
below mudshale, 2 more organic mudshale , 
one at 20 cm and one at 40 cm from first , 
organic mudshales are almost sandy peat , 
abundant plant material 
MUDSHALE, light olive gray (5 Y 5/2), 
thin dark gray (N3) claystone at top with 
abundant bivalves , blocky 
LIGNITE, gypsum crystals 
MUDSHALE, yellowish orange (10 YR 7/6) , 
gradational upward to lignite 
SILTSTONE , yellowish gray (5 Y 7/2), 
sample J-15-9-1 
MUDSHALE, light gray (N7) to light olive 
gray (5 Y 5/2), silty towards top 
CLAYSTONE, dark gray (N3), 5 cm 
carbonaceous cap 
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Measured Section No. 10 
Section measured in the Bullion Creek Formation . NW 
1 / 4, SE 1/4 , NW 1/4 , section 21 , T . 142 N., R . 102 W. , 
Billings County , North Dakota . Measured July 16 , 1984 
by Rod Perkins . Total thickness is 52 . 25 metres 
(cumulative thicknesses in metres) . 
Thickness 
i n metres 
1.50(52 . 25) 
2.50(50 . 75) 
0 . 30(49 . 25) 
4 . 50(47 . 95) 
2 . 00(43 . 45) 
0.50(41 . 45) 
4 . 00(40 . 95) 
6 . 40(36 . 95) 
0 . 50(30 . 55) 
0.80(20 . 05) 
1 . 00(29.25) 
3 . 00(28.25) 
0 . 40(25.25) 
Top of section 
SILTSHALE, very fissile 
MUDSHALE, light olive gray (5 Y 5/2) to 
yellowish orange (10 YR 7 / 6), yellowish-
o r ange bands (calcareous) 
LIMESTONE , yellowish gray (5 Y 7/2) , 
conchoidal fracture 
COVERED 
MUDSHALE, yellowish orange (10 YR 7/6) 
MUDSHALE , very carbonaceous, lignitic 
SANDSTONE , yellowish gray (5 Y 7 / 2), 
poorly to moderately indurated, cross-
laminated (medium scale, tabular , 
paleocurrent direction is Nl60 to Nl70) , 
planar stratified, siderite concretions , 
sample J-16-10-6 from indurated part 
MUDSHALE , light olive gray (5 Y 5 / 2) , 
yellowish-orange bands (calcareous) 
LIGNITE , moderate brown (5 YR 3/4) , 
poorly developed 
MUDSHALE , light gray (N7) to yellowish 
orange (10 YR 7/6), iron oxide stained 
LIGNITE 
MUDSTONE, yellowish orange (10 YR 7 / 6) , 
very silty , poorly exposed, s i derite 
concretions 
CLAYSTONE , very carbonaceous , lignitic 
0.90(24.85) 
0 . 20(23.95) 
0 . 70(23 . 75) 
0.25(23 . 25) 
0 . 50(22 . 80) 
0.10(22.30) 
0.70(22 . 20) 
0 . 80(21 . 50) 




3 . 10(17 . 35) 




0 . 60(8.95) 
0.20(8 . 35) 
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MUDSHALE , yellowish orange (10 YR 7/6) to 
light olive gray (5 Y 5/2) 
LIGNITE, poorly developed 
MUDSHALE, yellowish orange (10 YR 6/6), 
plant fragments 
LIGNITE, poorly developed 
MUDSHALE, medium gray (NS) 
LIGNITE , gypsum crystals 
MUDSHALE , olive gray (5 Y 3/2) 
MUDSHALE, light olive gray (5 Y 5/2), 
very silty , forms ledges 
MUDSHALE, olive gray (5 Y 3/2) to 
yellowish orange (10 YR 7/6) 
MUDSHALE, dark yellowish orange (10 YR 
6/6), calcareous 
MUDSHALE, light olive gray (5 Y 5/2), 
poorly indurated , muddy towards bottom 
and coarsens upward, siltstone beds , 
sample J-16-10-6 from siltstone (20 cm 
thick) 
MUDSHALE, yellowish orange (10 YR 7/6), 
powdery 
MUDSHALE , olive gray (5 Y 3/2) 
SANDSTONE , yellowish gray (5 Y 7/2) , 
poorly indurated and exposed, cross-
stratified, large siderite concretions 
(20 cm diameter), silty toward the top , 
sample J-16-10-5 from sandstone 
MUDSHALE, yellowish orange (10 YR 7/6) 
SILTSTONE, pale yellowish orange (10 YR 
8/6), poorly indurated and exposed , 
sample J-16-10-4 
MUDSHALE, light olive gray (5 Y 5/2) 
MUDSHALE, medium gray (NS) , several thin 
lignites 
MUDSHALE, carbonaceous , lignitic 
0.80(8.15) 
0 . 10(7.35) 
0 . 80(7 . 25) 
1 . 00(6.45) 
0.80(5 . 45) 
0 . 15(4.65) 
1 . 60(4 . 50) 
0 . 20(2 . 90) 
0 . 80(2 . 70) 
0.20(1.90) 
0 . 20(1.70) 
0 . 90(1.50) 
0.60(0.60) 
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MUDSHALE, yellowish orange (10 YR 7/6) to 
light olive gray (5 Y 5/2) 
MUDSHALE, dusky brown (5 YR 2/2) , very 
carbonaceous 
MUDSHALE, light olive gray (5 Y 5/2) to 
yellowish orange (10 YR 7/6) 
SILTSTONE, yellowish gray (5 Y 7/2) , 
cross-laminated (small to medium scale) , 
muddy , poorly indurated and exposed, 
sample J-16-10-3 
MUDSHALE, yellowish orange (10 YR 7/6) to 
light olive gray (5 Y 5/2) 
LIGNITE, poorly developed 
MUDSHALE, light olive gray (5 Y 5/2) to 
medium gray (NS) 
MUDSHALE, dark yellowish orange (10 YR 
6/6), silty 
MUDSHALE, medium gray (NS) 
MUDSHALE, yellowish orange (10 YR 6/6), 
silty 
SILTSTONE, laterally is indurated in 
lenses , sample J-16-10-2 from indurated 
siltstone, parting lineations (layers l -
2 mm thick) 
SILTSTONE, yellowish gray (5 Y 7/2) , 
poorly indurated, calcareous zones , 
siderite concretions 
SANDSTONE, light olive gray (5 Y 5/2), 
weathers very similar to mudshale, sample 
J-16-10-1 
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Measured Section No . 11 
Section measured in the Bullion Creek Format i on . 
Center of south line, NW 1 /4 , NW 1/4 , sect i on 21 , T . 142 
N., R . 102 W., Billings County, North Dakota . Measured 
July 16 , 1984 by Rod Perkins. Total thi ckness is 29 .8 0 
metres (cumulative metres in parentheses) . 
Thickness 
in metres 
3 . 00(29 . 80) 
0 . 60(26 . 80) 
0 . 20(26 . 20) 
0 . 60(26.00) 
1 . 30(25.40) 
l.00(24 . 20) 
2.00(23 . 10) 
0.50(21 . 10) 
1 . 5020.60) 
2 . 00(19.10) 
2 . 00(17 .10) 
0 . 50(15.10) 
Top of Section 
SANDSTONE , light gray (N7) , sample 
J - 16-11-6, poorly indurated and exposed 
MUDSHALE , light olive gray (5 Y 5/2) to 
yellowish orange (10 YR 7/6) , finely 
f i ssile 
LIGNITE , poorly developed 
MUDSHALE , medium gray (NS) 
SANDSTONE, yellowish gray (5 Y 7/2) , 
weathers to light gray (N7), sample 
J-16-11-5 , siderite concretions 
SILTSTONE, yellowish gray (5 Y 7/2) , 
gradational lower contact 
MUDSHALE, light olive gray (5 Y 5/2) , 
yellowish-orange bands (calcareous) , thin 
carbonaceous shale interbeds 
LIMESTONE , laterally discontinuous, 
breaks into large pieces 
MUDSHALE , light olive gray (5 Y 5/2) , 
yellowish-orange bands (calcareous) 
SANDSTONE, salt and pepper, planar 
stratification, coarser than average 
sandstone , sider i te concretions, sample 
J-10-11-4 
SILTSHALE, light gray (N7) to yellowish 
gray (5 Y 7/2) , laminated , good parting 
(1-2 mm) , moderately indurated 
MUDSHALE , light gray (N7) 
0 . 40(14 . 60) 
1 . 75(14 . 20) 
1 . 50(12 . 45) 
1 . 00(10 . 95) 
0 . 70(9 . 95) 
2 . 00(9 . 25) 
2 . 50(7 . 25) 
0 . 30(4.75) 
0 . 50(4 . 45) 
0 . 30(3 . 95) 
1.00(3 . 65) 
0 . 15(2 . 65) 
1. 00(2 . 50) 
1.50(1 . 50) 
? 
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LIGNITE, poorly to well developed 
MUDSHALE , light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6) , grades 
to medium gray (NS) at top , plant 
fragments 
SILTSHALE, medium gray (NS) , moderately 
indurated parts at 20 and 40 cm from 
base , platy , plant fragments , sample 
J-16-11-3 
MUDSHALE , yellowish orange (10 YR 7/6) 
MUDSHALE , medium gray (NS) , silty 
SANDSTONE, yellowish gray (5 Y 7/2) , 
cross-laminated (medium-scale , tabular) , 
some small scale trough cross-lamination 
(paleocurrent direction is Nl50), poorly 
to moderately indurated , sample J-16-11-2 
is from troughs 
MUDSHALE , light gray (N7) to yellowish 
orange (10 YR 7/6), yellowish-orange 
bands (calcareous) 
LIGNITE , poorly developed 
MUDSHALE, medium gray (NS) 
SILTSTONE, yellowish gray (5 Y 7/2 ) , 
laminated , muddy 
MUDSHALE , medium gray (NS) , carbonaceous 
LIGNITE~ poorly developed 
MUDSHALE , medium gray (NS) 
SILTSTONE , yellowish gray (5 Y 7/2) , poor 
exposed and faint cross-stratified 
MUDSHALE , medium gray (NS), vertebrate 
fossils (turtle) , sample J-16-11-1 
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Measured Section No . 12 
Section measured in the Bullion Creek Formation . 
SE 1/4 , SE 1 / 4 , NE 1/4 , section 27 , T. 142 N . , R . 102 
W. , Billings County , North Dakota . Measured July 17 , 
1984 by Rod Perkins . Total thickness is 64 . 25 metres 




1 . 00(64 . 25) 
6 . 00(63 . 25) 
0 . 50(5 7. 25) 
1 .00(56 . 75) 
1 . 50(55 . 75) 
0 . 60(54 . 25) 
1.00(53.65) 
7. 90(52 . 65) 
0 . 50(44.75) 
5 . 50(44 . 25) 
Top of Section 
MUDSHALE 
SANDSTONE , light gray (N7), cross -
stratified, poorly indurated and exposed , 
sample J-18-12-13 
MUDSHALE, light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6), thin 
lignites 
SILTSTONE , very light gray (NS) , later-
ally continuous, distinctive , planar 
stratification 
SANDSTONE , yellowish gray (5 Y 7 / 2) , 
poorly indurated at base (sample 
J - 18-12-11) to better indurated near top 
(sample J-18-12-12), cross-lami nat i on 
(small to medium scale) 
MUDSHALE, light olive gray (5 Y 5/2) with 
yellowish-orange bands (calcareous) 
SILTSHALE , fissile , siderite concretions 
SANDSTONE, very fine grained, poorly 
indurated 
MUDSTONE , light olive gray (5 Y 5/2) , 
yellowish-orange bands (calcareous) , 10 
cm carbonaceous mudshale at 4.7 m 
LIGNITE, very muddy 
MUDSHALE , light olive gray (5 Y 5/2), 
yellowish-orange bands (calcareous) 
0.30(38 . 75) 
1 . 00(53.65) 
0 . 40(37.45) 
0 . 70(37 . 05) 
1.00(36 . 35) 
0 . 30(35 . 35) 
0 . 50(35 . 05) 
3 . 50(34.55) 
0.40(31.05) 
0 . 20(30 . 65) 
0.50(30 . 45) 
3 . 20(29 . 95) 
1.00(26.75) 
0.10(25 . 75) 
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MUDSHALE, dark yellowish orange (10 YR 
6/6) grading to dark gray (N3) , 
carbonaceous cap 
SANDSTONE, light olive gray (N7) , poorly 
indurated, very fine grained, vertical 
siderite concretions (root casts), middle 
30 cm is moderately indurated (sample 
J-18-12-10) 
SILTSTONE, yellowish gray (5 Y 7/2), 
laminated, poorly indurated 
MUDSHALE, dusky brown (5 YR 2/2) , abun-
dant plant fragments, carbonaceous 
CLAYSTONE, light gray (N7) 
MUDSHALE, dark yellowish orange (10 YR 
6/6), laterally develops limestones (1 to 
2 m long) 
MUDSTONE , light gray (N7), very silty 
MUDSHALE , light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6) , 
limestone concretions (30 cm) 
MUDSHALE, light olive gray (5 Y 5/2) , 
grades upward to gray (N6), carbonaceous 
cap 
MUDSHALE, dark yellowish orange (10 YR 
6/6), laterally develops lenticular 
limestones 
SANDSTONE, yellowish gray (5 Y 7/2), 
poorly induration , structureless 
SANDSTONE, light gray (N7), trough cross-
bedded near base (sample J-18-12-8) , near 
the top is cross-laminated (small to 
medium scale, better indurated, 2 cm 
thick sets, paleocurrent direction is 
N200 , sample J-18-12-9) , siderite 
concretions throughout 
MUDSHALE, light olive gray (5 Y 5/2) , 
very silty, pseudo parting lineations , 
siderite concretions 




0 . 60(24 . 00) 
1.10(23 . 40) 
0.30(22 . 30) 
1 . 20(22 . 00) 
3 . 00(20.80) 
0.80(17 . 80) 
0 . 70(17.00) 
1.00(16.30) 
3.00(15.30) 
2.00(12 . 30) 
0.30(10 . 30) 
1.00(10.00) 
1.00(9 . 00) 
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SILTSHALE, light gray (N7), fissile , 
plant and molluscan fossils, sample 
J-18-12-7 
MUDSHALE, light olive gray (5 Y 5/2), 
limestone concretions, upper 15 cm 
carbonaceous, molluscan fossils 
MUDSHALE, dusky brown (5 YR 2/2) , abun-
dant plant fossils, gastropods , upper 10 
cm is very lignitic 
MUDSHALE , light olive gray (5 Y 5/2), 
yellowish-orange bands (calcareous) 
LIMESTONE, pale yellowish orange (10 YR 
8/6), conchoidal fracture , laterally 
discontinuous 
MUDSHALE, light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6) 
MUDSTONE, medium gray (NS), some thin 
lignitic layers, poorly exposed 
SILTSTONE , pale yellowish orange (10 YR 
8/6) , very muddy 
SANDSTONE, yellowish gray (5 Y 7/2), 
speckled, siderite concretions, fissile 
near top, moderately indurated at top 
SILTSHALE, light olive gray (N7) , 
fissile, laminated 
MUDSHALE, light olive gray (5 Y 7/2) with 
bands of dark yellowish orange (10 YR 
6/6) mudshale (yellowish-orange bands 
(calcareous)), small limestone 
concretions 
MUDSTONE, medium gray (NS) , 2 cm 
carbonaceous cap 
LIGNITE 
MUDSHALE, medium gray (NS) 
MUDSHALE , light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6) 
0 . 40(8 . 00) 
1 . 50(7 . 60) 
1.60(6.10) 
1.20(4 . 50) 
0 . 20(3 . 30) 
0 . 40(3 . 10) 
0 . 90(2 . 70) 
0 . 30(1.80) 
0 . 70(1 . 50) 
0 . 80(0 . 80) 
?? 
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LIMESTONE , grayish orange (10 YR 7/4) , 
abundant leaf imprints (sample 
J - 17-12-5) , gastropods in layer 10 cm 
from base, laterally discontinuous ; 2 m-
long lenses spaced laterally 20 meters 
apart 
MUDSHALE , light gray (N7) to dark 
yellowish orange (10 YR 6/6) , very silty , 
plant fossils 
MUDSHALE, light gray (N7) to dark 
yellowish orange (10 YR 6/6) , silty 
SANDSTONE, light gray (N7) , trough cross -
bedding; 1 . 5 m wide by . 2 m deep oriented 
N210 , sample J-17-12-4, troughs are 
outlined by iron oxide stained 
CLAYSTONE, dark gray (N3) 
MUDSHALE , light gray (N7) to dark 
yellowish orange (10 YR 6/6) , abundant 
plant fossils 
SANDSTONE, light gray (N7) , plant 
fragments, leaf imprints , gradational 
lower contact , thin mudshale layer at .60 
meters , sample J-17-12-2 near base , 
sample J-17-12-3 from above mudshale 
MUDSHALE, light olive gray (NS), plant 
fossils 
SANDSTONE, yellowish orange (5 Y 7/2) , 
cross-stratified, siderite concretions, 
poorly indurated and exposed 
MUDSHALE, gray (N6) , plant fossils , leaf 
imprints, silty towards top , sample 
J-17-12-1 
MUDSHALE, gray (N6) , iron oxide stained 
169 
Measured Section No. 13 
Section measured in the Bullion Creek Formation . 
NW 1/4 , SW 1/4 , SW 1/4 , SW 1/4 , section 26 , T . 142 N. , 
R . 102 W., Billings County, North Dakota. Measured July 
18, 1984 by Rod Perkins. Total thickness is 34 . 35 
metres (cumulative thicknesses in parentheses). 
Thickness 
in metres 
1 . 00(34.35) 
0 . 50(33 . 35) 
0 . 20(32 . 85) 
1 . 70(32.65) 
5.20(30 . 95) 
0 . 20(25 . 75) 
0.90(25 . 55) 
2.00(24.65) 
0 . 30(22.65) 
4 . 50(22.35) 
0 . 80(17 . 85) 
1.80(17 . 05) 
0 . 40(15.25) 
Top of Section 
MUDSTONE, medium gray (NS) 
SANDSTONE , light gray (N7), poorly 
indurated, structureless 
MUDSTONE, light olive gray (5 Y 5/2) 
SANDSTONE, light blue (5 B 7/1), 
distinctive, sample J-18-13-4 , lime 
concretions in layers (5 cm thick), 
structureless, muddy at top 
COVERED 
MUDSHALE , dusky brown (5 YR 2/2), very 
lignitic 
MUDSHALE, medium gray (N5) 
MUDSHALE, light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6) 
LIMESTONE, flaggy, abundant plant 
fossils, leaf imprints, laterally 
discontinuous 
MUDSHALE, light olive gray (5 Y 5/2) , 
capped by thin lignite 
SANDSTONE, light gray (N8), moderately 
indurated, cross-stratified, sample J-18-
13-3, siderite concretions 
MUDSHALE, medium gray (NS) to light olive 
gray (5 Y 5/2) 
SILTSTONE, yellowish gray (5 Y 7/2) 
0 . 40(14 . 85) 
0 . 30(14.45) 
0.40(14.15) 
2 . 20(13 . 75) 
1 . 00(11 . 55) 
2.60(10.55) 
0 . 50(7 . 95) 
0 . 60(7 . 45) 
1 . 70(6.85) 
0 . 50(5 . 15) 
3 . 50(4 . 65) 
0.15(1.15) 
1 . 00(1 . 00) 
? 
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SANDSTONE , yellowish gray (5 Y 7/2), fine 
sand size, moderately indurated , planar 
stratified (undulatory), sample J-18 - 13-3 
MUDSHALE , yellowish gray (5 Y 7/2) 
MUDSHALE , yellowish gray (5 Y 7/2), 
gradational into thin carbonaceous dusky 
brown (5 Y 2/2) mudshale 
MUDSTONE, medium gray (NS) 
LIMESTONE, pale yellowish orange (10 YR 
8/6) , laterally discontinuous , but covers 
a large area 
MUDSHALE, alternating light olive gray (5 
Y 5/2) and dark yellow i sh orange (10 YR 
6/6) , at top becomes siltshale, plant 
fossils , fissile 
SILTSHALE , light gray (N7), poorly 
exposed, poorly indurated, siderite 
concretions, sample J-18-13-1 
MUDSHALE, dark yellowish orange (10 YR 
6/6) to light olive gray (5 Y 5/2) 
MUDSHALE , light gray (N7) , capped by a 
thin carbonaceous mudshale 
SILTSTONE , yellowish gray (5 Y 7/2), 
poorly indurated , structureless 
MUDSHALE , medium gray (NS) 
LIGNITE , poorly developed 
MUDSTONE, medium gray (NS) 
MUDSTONE , light olive gray (5 Y 5/2) 
mottled with dark yellowish orange (10 YR 
6/6) , limestone concretions 
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Measured Section No . 14 
Section measured in the Bullion Creek Formation . Center 
of west line , NW 1/4, SW 1/4 , SE 1/4 , section 27 , T . 142 
N . , R . 102 W., Billings County, North Dakota . Measured 
July 19 , 1984 by Rod Perkins . Total thickness ls 46 . 88 
metres (cumulative thicknesses in parentheses) . 
1 . 00(46.88) 
1 . 70(45 . 88) 
1. 00(44 . 18) 
0 . 30(43 . 18) 
0 . 65(42 . 88) 
0.10(42.23) 
0 . 40(42 . 13) 
1 . 75(41 . 73) 
0 . 52(39.98) 
0 . 80(39 . 46) 
1.20(38 . 66) 
SILTSTONE , light gray (N7) , poorly 
indurated, sample J-19 - 14-14 from middle 
of siltstone 
INTERBEDDED. siltshale and mudshale , 
gypsum crystals in mudshales 
MUDSHALE , dark ye l lowish orange (10 YR 
6/6) 
MUDSHALE, medium bluish gray (5 B 5/1) , 
gypsum crystals near top 
LIGNITE 
CLAYSTONE, dusky brown (5 YR 2/2) 
MUDSHALE, light olive gray (5 Y 5/2), 
gradational interval to claystone above 
SILTSTONE, yellowish gray (5 Y 7/2), 
sharp undulatory lower contact , very 
pronounced planar stratification with 
occasional sets of cross-lamination (1-2 
cm sets) , siderite concretions , sample 
J-20-14-12 from upper part of siltstone 
MUDSHALE , medium gray (NS) to dark 
yellowish orange (10 YR 6/6) , blocky, 
silt stringers , laminated 
MUDSTONE , yellowish orange (5 Y 7/2) 
becomes very muddy in middle and back to 
siltstone at top , capped by thin 
carbonaceous cap 
MUDSHALE, dark yellowish orange (10 YR 
6/6) , indurated sandstone clasts within 
mudshale (sample J-19-14-11) , burrows , 
molluscan fossils , very silty 
0 . 18(37 . 46) 
0 . 30(37 . 28) 
0 . 15(36.98) 
0.40(36 . 83) 
0 . 15(36.43) 
0.13(36 . 28) 
0 . 06(36.15) 
0 . 16(36 . 09) 
0 . 08(35.93) 
0 . 10(35 . 85) 
0 . 21(35.75) 
0 . 08(35 . 54) 
0.10(35.46) 
0 . 10(35 . 36) 
0 . 14(35.26) 
0 . 08(35 . 12) 
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SILTSTONE, trough cross-bedded, 
paleocurrent direction of N210 , indurated 
sandstone clasts (sample J-10-14-11) 
MUDSTONE, light gray (N7}, silty, 
laminated mudstone and siltstone, stained 
with iron oxide 
MUDSHALE, dark yellowish orange (10 YR 
6/6) , blocky , calcareous 
SILTSTONE, yellowish gray (5 Y 7/2), 
bottom 8 cm is muddy grading up to 
cleaner siltstone , moderately well 
indurated, sample J-20 - 14-10 
SILTSTONE, medium gray (NS} , muddy , thin 
mudstone cap 
SILTSTONE, light olive gray (5 Y 5/2) , 
very irregular lower surface, muddy layer 
through middle, lignitic cap with 
abundant plant fossils 
MUDSHALE , light olive gray (5 Y 5/2) , 
bioturbation (silt circles} 
MUDSHALE , olive gray (5 Y 3/2), plant 
fragments, wavy and intermixed upper 
surface 
SILTSTONE , light olive gray (5 Y 5/2) , 
knobby surfaces , cross-stratified, 
gastropods 
MUDSTONE, dark yellowish orange (10 YR 
6/6) , bioturbation 
SILTSTONE, light olive gray (5 Y 5/2) , 
cross-stratified , irregular upper surface 
MUDSHALE, dark yellowish orange (10 YR 
6/6), calcareous 
SILTSTONE, light olive gray (5 Y 5/2) , 
mud stringers 
MUDSTONE , medium gray (NS) 
SILTSTONE, light olive gray (5 Y 5/2) , 
cross-laminated (climbing, medium-scale , 
tabular) 
MUDSTONE , wavy upper surface 
0.20(35 . 04) 
0.13(34.84) 
0.06(34 . 71) 
0 . 20(34.65) 
0 . 40(34 . 45) 
1.08(34 . 05) 
0 . 33(32 . 97) 
0.10(32.64) 
0 . 70(32 . 54) 
0.35(31 . 84) 
0.35(31.49) 
0 . 30(31.14) 
0 . 24(30 . 84) 
0.10(30 . 60) 
0.14(30 . 50) 
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SILTSTONE, light olive gray (5 Y 5/2), 
cross-stratified 
MUDSHALE , interlaminated gray and dark 
yellowish orange (10 YR 6/6) 
SILTSTONE , cross-stratified 
MUDSTONE, olive gray (5 Yr 3/2) , wavy 
upper surface 
MUDSTONE, olive gray (5 Y 3/2), 
gradational lower contact , grades into a 
dark gray (N4) mudshale which grades into 
a 5 cm dusky brown (5 YR 2/2) 
carbonaceous mudshale cap, distinctive 
around the area, abundant plant fragments 
MUDSTONE, light gray (N7) and dark 
yellowish orange (10 YR 6/6) interbedded 
SILTSTONE , light gray (N7) , structure-
less , stained with iron oxide 
MUDSTONE, medium gray (NS), convoluted 
SILTSTONE, light olive gray (5 Y 3/2) , 
there is some bioturbation or burrowing 
into mud below , burrows are filled with 
silt, siderite concretions , muddy 
INTERBEDDED, yellowish gray (5 Y 7/2) , 
structureless siltstone at base which is 
overlain by thin interbedded siltstone 
and mudstones, the upper 12 cm is silty 
mudstone and wavy 
SILTSTONES and MUDSTONES, interbedded, 
some flame structures between then (15 cm 
relief) , upper 12 cm is mudstone 
MUDSTONE, interlaminated siltstone and 
mudstone, at 20 cm from bottom there is 4 
cm dark yellowish orange (10 YR 6/6) 
mudshale which is overlain by 5 cm 
siltstone 
MUDSHALE , dark yellowish orange (10 YR 
6/6) , laminated pseudo partings , 
calcareous 
MUDSTONE, medium gray (N5) , 
interlaminated light and gray 
MUDSHALE , olive gray (NS) , blocky 
0.13(30.36) 
0 . 20(30 . 23) 
0.50(30 . 03) 
0 . 35(29.53) 
0 . 30(29 . 18) 
0 . 30(28 . 88) 
0.60(28 . 58) 
0 . 58(27 . 98) 
0 . 15(27 . 40) 
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MUDSTONE , medium gray (N5) , 
interlaminated lighter and darker gray 
MUDSHALE , medium gray (N5) to dark 
yellowish orange (10 YR 6/6) at top 
SILTSTONE, yellowish gray (5 Y 7/2) , 
poorly indurated , cross-laminated, sharp 
lower contact , gypsum crystals and 
marcasite concretions along the boundary , 
wavy surface, sample J-19-14-8 
MUDSTONE , light gray (N7) , upper 10 cm is 
calcareous dark yellowish orange (10 YR 
6/6) mudstone 
MUDSTONE , olive gray (5 Y 3/2) , 
gradational lower contact, blocky , 5 cm 
carbonaceous cap , abundant plant 
f r agments , gypsum crystals 
MUDSHALE, light gray (N7) mottled with 
dark yellowish orange (10 YR 6/6) , silty , 
molluscan fossils 
SANDSTONE, light gray (N7), poorly 
indurated , coarser sandstone at base, 
sample J-19-14-6 from coarser sand at 
base , sample J-19 - 14-7 is from finer 
sandstone above basal sandstone , 
laterally continuous (distinctive white 
streak) 
MUDSHALE, dark yellowish orange (10 YR 
6/6), calcareous, grades to light olive 
gray (5 Y 5/2) with fine laminae (1 mm) 
outlined with iron oxide 
SILTSHALE , yellowish gray (5 Y 7/2) , 
fissile , laminated 
0 . 30(27 . 25) 
0.30(26 . 95) 
0.23(26 . 65) 
0 . 10(26 . 42) 
0 . 20(26.32) 
0.50(26 . 12) 
0 . 40(25.62) 
1.16(25 . 22) 
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SANDSTONE, yellowish gray (5 Y 7/2) , 
cross - laminated (small to medium scale, 
2 - 3 cm thick sets , paleocurrent direction 
i s N200, top is rippled surfaces with 
wavelengths of approximately 9 cm) , above 
the cross-lamination is the coarsest 
material, that is cross-stratified with 
wav elengths of 15 cm , this coarser 
sandstone varies from a thickness of 2 cm 
to 4 cm , the next 19 cm is cross-
laminated (possibly supercritically 
climbing, wavy surfaces at top) 
SILTSTONE , light olive gray (5 Y 6/1) , 
abrupt lower contact , some thin mudstone 
interbeds , erosional or wavy surfaces i n 
which strata is truncated , marcas i te 
concretions oriented horizontally along 
surfaces 
CLAYSHALE, olive gray (5 Y 3/2) , blocky , 
dark yellowish orange (10 YR 6/6) , 
calcareous cap 
CLAYSTONE, medium gray (NS) 
MUDSTONE , dark yellowish orange (10 YR 
6/6), calcareous 
MUDSHALE, light gray (N7) , breaks up int o 
small flakes (1-2 mm thick) 
SILTSTONE, yellowish gray (5 Y 7/2) , 
vertical and horizontal root traces , 
sample J-19 - 14-5 
SANDSTONE, yellowish gray (5 Y 7 / 2) , 
lower .4 m i s moderately well indurated 
and is poorly cross-stratified , next 23 
cm is convolute bedded, next 43 cm is 
cross-laminated (climbing, subcritical , 
paleocurrent direction is N235), cross-
lamination are conformably overlain by 
more convolute bedding , also some 
convolution within ripples ( . l m), sample 
J-19-14-4 
0 . 28(24.06) 
0 . 10(23 . 78) 
0.23(23 . 68) 
0 . 30(23.45) 
0 . 70(23 . 15) 
0 . 20(22.45) 
0 . 30(22.25) 
1 . 50(21.95) 
0 . 50(20 . 45) 
2 . 30(19.95) 
0 . 55(17.65) 
4.00(17 . 10) 
0 . 20(13 . 10) 
0.10(12.90) 
0.10(12 . 80) 
1 . 50(12 . 70) 
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SILTSTONE, sharp lower contact, planar 
stratification, lower . 10 m occur as one 
continuous siltstone, above this is a 
thin claystone layer (1 cm) , above this 
is another .10 m siltstone with some sort 
of cross-stratification , above this is 1 
cm shaly layer , 2 cm siltstone , 3 cm 
mudshale 
MUDSTONE , medium gray (N5), laminated , 
silty, sharp lower boundary 
CLAYSHALE , dark yellowish orange (10 YR 
6/6) , calcareous , siderite concretions 
MUDSHALE , light gray (N7) to olive gray 
(5 Y 3/2) , some claystone interbeds 
MUDSTONE, light gray (N7) , abundant plant 
fossils, capped by 5 cm woody 
carbonaceous mudshale 
MUDSHALE , dark yellowish orange (10 YR 
6/6) , calcareous 
MUDSHALE , light olive gray (5 Y 5/2) , 
contains some thin dusky brown (5 YR 2/ 2) 
carbonaceous layer rich in molluscan 
fossils 
MUDSTONE, light olive gray (5 Y 5/2) , 
abundant plant fossils, capped by 5 cm 
carbonaceous mudshale 
LIGNITE, muddy , poorly developed 
MUDSTONE, olive gray (5 Y 3/2) 
LIGNITE , muddy , poorly developed 
COVERED 
MUDSTONE , olive gray (5 Y 3/2) , 
carbonaceous cap 
MUDSTONE, dusky brown (5 YR 2/2) , very 
carbonaceous, gradational lower contact 
CLAYSTONE , dark greenish gray (5 GY 4/1) 
MUDSTONE , medium gray (N5), silty, upper 
. 5 mis olive gray (5 Y 5/2) capped by 3 
cm lignite 
0 . 30(11 . 20) 
1 . 20(10 . 90) 
0 . 20(9 . 70) 
0 . 80(9 . 50) 
1 . 60(8 .70) 
5 . 00(7 . 10) 
2 . 10(2 . 10) 
177 
MUDSHALE, dark yellowish orange (10 YR 
6/6) , calcareous 
MUDSTONE, olive gray (5 Y 3/2), 
structureless , stained with iron oxide 
MUDSHALE, dark yellowish orange (10 YR 
6/6) , calcareous , weathers small 
limestone nodules 
MUDSTONE , medium gray (NS) , gypsum 
crystals , capped by thin carbonaceous 
mudstone 
MUDSTONE , olive gray (5 Y 3/2) 
MUDSHALE, medium gray (NS), gradational 
lower contact , yellowish-orange bands 
(calcareous) 
SANDSTONE , yellowish gray (5 Y 5/2) , 
moderately to well indurated, the base 
contains small to medium scale cross-
lamination, this is overlain by planar 
stratification, which is in turn overlain 
by small to medium cross-lamination (35 
cm thick), this is again overlain by more 
planar stratification (50 cm thick) that 
has some small mud clasts along its lower 
contact, the contact between planar 
stratification and cross-lamination is 
wavy, the planar strat i fication is 
coarser grained than coarse-lamination , 
sample J-19-14-2 is from the planar 
stratification above the first sample , 
sample J-19-14-3 is from contact between 
cross-lamination and planar 
stratification, siderite concretions 
throughout, 50 cm of poorly indurated 
sandstone at top 
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Measured Section No . 15 
Section measured in the Bullion Creek Formation. 
SW 1/4, SE 1/4, SE 1/4, section 27 , T. 142 N., R. 102 
W., Billings County , North Dakota . Measured July 21, 
1984 by Rod Perkins . Total thickness is 92 . 70 metres 
(cumulative thicknesses in parentheses) . 
Thickness 
in metres 
0.80(92 . 70) 
1.70(91 . 90) 
3 . 75(90 . 20) 
7 . 30(86 . 45) 
1.30(79.15) 
1 . 50(77.86) 
2.00(76.35) 
2 . 50(74.35) 
2.00(71.85) 
4.00(69 . 85) 
1.50(65.85) 
Top of Section 
MUDSTONE, pale brown (5 YR 5/2), blocky 
LIGNITE, well developed 
SILTSTONE, bluish gray (5 B 7/1), 
siderite concretions, poorly indurated 
and exposed 
MUDSHALE, light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6) , 
yellowish-orange bands (calcareous), 
limestone concretions , abundant plant 
fragments, well indurated 
MUDSHALE, pale brown (5 YR 5/2), fissile , 
abundant plant fragments 
COVERED 
SANDSTONE, poorly indurated and exposed, 
siderite concretions, well-indurated 
lenticular sandstone bodies 
MUDSTONE, light olive gray (5 Y 5/2), 
interbedded with dark yellowish orange 
(10 YR 6/6) layers, yellowish-orange 
bands (calcareous), plant fossils, thin 
silt beds 
MUDSHALE , dusky brown (5 YR 2/2) , 
fissile, carbonaceous 
SANDSTONE , light gray (N7), poorly 
indurated and exposed, structureless, 
indurated lenticular sandstone bodies, 
weathers very yellowish gray (5 Y 7/2), 
siderite concretions 
MUDSHALE, light olive gray (5 Y 5/2) 
1 . 00(64 . 35) 
2 . 00(63.35) 
1 . 00(61.35) 
0 . 50(60 . 35) 
2 . 30(59 . 85) 
0.60(57 . 55) 
3 . 00(56 . 95) 
0 . 60(53 . 95) 
0 . 70(53 . 35) 
1 . 00(52 . 65) 
0 . 10(51.65) 
1 . 20(51.55) 
2.00(50 . 35) 
0 . 20(48 . 35) 
0 . 70(48 . 15) 
1.20(47 . 45) 
0 . 20(46 . 45) 
0 .80(46.05) 
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MUDSHALE , dusky brown ( 5 YR 2/2), 
carbonaceous, abundant plant material , 
lignitic 
SANDSTONE , very poorly indurated , sample 
J-22 - 15 - 8 from middle of bed 
MUDSTONE 
MUDSHALE, dusky brown (5 YR 2/2) grades 
to dark yellowish brown (10 YR 6/6) 
SILTSTONE , light olive gray (5 Y 5/2) , 
some shale interbeds , thin dark yellowish 
orange (10 YR 6/6) streaks 
SANDSTONE , yellowish gray (5 Y 7/2) , 
moderately indurated , structureless 
MUDSHALE, light olive gray (5 Y 5/2) , 
some interbedded siltstones , yellowish-
orange bands (calcareous) 
SANDSTONE, moderately indurated 
MUDSTONE, light olive brown (5 Y 5/6) 
SANDSTONE , yellowish gray (5 Y 7/2) , 
poorly indurated, structureless , siderite 
concretions 
MUDSTONE, dark yellowish orange (10 YR 
6/6) 
MUDSTONE, medium gray (NS) to olive gray 
(5 Y 3/2) at top , abundant plant and 
molluscan fossil fragments 
SILTSTONES and MUDSTONES, interbedded, 
MUDSTONE, dusky brown (5 YR 2/2), 5 cm 
lignite cap 
SANDSTONE, structureless , sample 
J-22-15-6 from middle 
SILTSTONES and MUDSTONES , interbedded 
SILTSTONE, yellowish gray (5 Y 7 / 2) , 
poorly indurated, 1 mm parting planes 







1 . 25(41 . 30) 
0 . 10(40 . 05) 
1 . 00(39.95) 
0.30(38 . 95) 
1.90(38 . 65) 
0 . 10(36.75) 
0.50(36.65) 
0 . 75(36.15) 
0.25(34.55) 
0.40(35.15) 




MUDSTONE, medium gray (NS), grades into 
silt at top 
MUDSHALE, dusky brown (5 YR 2/2) , abun -
dant plant fragments 
MUDSTONE, light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6), 
yellowish-orange bands (calcareous) 
SANDSTONE, poorly indurated and exposed, 
sample J-22-15-5 
MUDSHALE, olive gray (5 Y 3/2), grades to 
2 cm lignite at top 
MUDSTONE, medium gray (N5), silty, iron 
concretions 
MUDSTONE, dark yellowish orange (10 YR 
6/6) 
MUDSTONE, medium gray (N5) 
LIGNITE, poorly developed 
MUDSTONE, light olive gray (5 Y 5/2), 
grades to gray (N5) 
MUDSTONE, dark yellowish orange (10 YR 
6/6), calcareous 
MUDSTONE, medium gray (N5), poor exposed, 
possible siltstone interbeds 
SILTSTONE, poorly indurated and exposed, 
cross-stratified, siderite concretions, 
muddy towards top 
MUDSHALE, light olive gray (5 Y 5/2) 
MUDSHALE, medium gray (N5), lignite cap 
(5 cm) 
MUDSHALE, dark yellowish orange (10 YR 
6/6) 
MUDSHALE medium gray (N5) 
SANDSTONE, yellowish gray (5 Y 7/2), 
sample J-22-15-4, lateral variation in 
thickness 
0 . 50(32.90) 
0 . 30(32 . 40) 
1 . 20(32 . 10) 
0 . 30(30 . 90) 
0.25(30 . 60) 
0.45(30 . 35) 
0 . 20(29 . 90) 
0 . 10(29 . 70) 
2 . 40(29 . 60) 
0 . 10(27 . 20) 
0 . 40(27 . 10) 
1.50(26 . 70) 
1 . 70(25.20) 
0 . 20(23 . 50) 
1.70(23 . 30) 
2 . 50(21.60) 
1.00(19 . 10) 
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SILTSHALE, light olive gray (5 Y 5/2), 
muddy, abrupt lower contact with lignite , 
truncation of some layers within the 
lignite 
LIGNITE, poorly developed 
MUDSTONE, dusky brown (5 YR 2/2) 
MUDSTONE, dark yellowish orange (10 YR 
6/6), finely fissile 
MUDSTONE, olive gray (5 Y 3/2) 
SILTSTONE, yellowish gray (5 Y 7/2) 
MUDSTONE, olive gray (5 Y 3/2) 
MUDSTONE, dark yellowish orange (10 YR 
6/6), small limestone pieces weather out 
MUDSTONE , light olive gray (5 Y 5/2) 
MUDSTONE, dark yellowish orange (10 YR 
6/6), calcareous 
MUDSTONE, medium gray (NS) 
SANDSTONE, gradational lower contact, 
well indurated, partings (2-3 mm), small 
scale cross-laminated (small-scale, sets 
are 1-2 cm thick, paleocurrent direction 
is Nl80), sample J-22-15-4, root traces, 
less indurated towards top 
MUDSHALE , light olive gray (5 Y 5/2) 
MUDSTONE , olive gray (5 Y 3/2) , abrupt 
lower contact, layer of gypsum crystals 
at lower contact, upper 5 cm is poorly 
developed lignite 
SILTSTONE, sample J-22-15-3 from middle , 
clean, variable thickness, cross-
laminated with mud outlining laminae 
MUDSTONE, light olive gray (5 Y 5/2) , 
some carbonaceous zones, interbedded 
siltstones (thin) 
MUDSTONE, dark yellowish orange (10 YR 
6/6) to light olive gray (5 Y 5/2) , 
disseminated gypsum crystals 
1 . 50(18.10) 
0.10(16 . 60) 
0 . 60(16 . 50) 
1 . 30(15 . 90) 
1 . 00(14 . 60) 
1.20(13 . 60) 
0 . 50(12 . 40) 
1.50(11.90) 
2.00(10 . 40) 
0.30(8 . 40) 
0 . 10(8 . 10) 
0.30(8 . 00) 
0.05(7 . 70) 
1.20(7 . 65) 
1 .10(6.45) 
0 . 25(5.35) 
0 . 40(5 . 10) 
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MUDSTONE , dark yellowish orange (10 YR 
6/6) grading to medium gray (NS) near 
top , gastropods (sample J-2-15 - 2) , silty 
LIGNITE 
MUDSTONE, dusky brown (5 YR 2/2) , silty 
towards top , capped by 5 cm poorly 
developed lignite 
SILTSTONE , dusky yellow (5 Y 6/4) , muddy , 
siderite concretions, sample J - 22 - 15 - 1 
from upper siltstone 
MUDSTONE, olive gray (5 Y 4/1) grading to 
dark yellowish orange (10 YR 6/6) to top 
SILTSTONE , muddy, poorly indurated and 
exposed , structureless , shaly towards 
top , siderite concretions , poorly 
developed lignite cap 
MUDSHALE, dusky b r own (5 YR 2/2) , abun -
dant plant material and molluscan shel l 
material, grades into claystone near top 
MUDSHALE, dark gray (N4) , color change 
from above, yellowish-orange bands 
(calcareous , 5-10 cm thick) 
SILTSTONES and MUDSTONES , interbedded, 
yellowish orange (10 YR 7/6) 
MUDSTONE, medium gray (N5) 
MUDSTONE, dark yellowish orange (10 YR 
6/6) , calcareous 
MUDSTONE, medium gray (N5) 
MUDSHALE, dusky brown (5 YR 2/2), abun-
dant plant fossils 
MUDSHALE, light olive gray (5 Y 5 / 2) 
MUDSTONES and SILTSTONE$ , interbedded , 
irregular contacts 
MUDSHALE, dark yellowish orange (10 YR 
6 / 6) 
SILTSTONE , dusky yellow (5 Y 6/4) , abrupt 
undulatory lower contact 
0 . 30(4.70) 
2 . 00(4.40) 
0 . 20(2.40) 
0 . 30(2.20) 
0.30(1.90) 
0 . 60(1 . 60) 
1.00(1.00) 
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MUDSHALE, dark yellowish orange (10 YR 
6/6) , calcareous 
COVERED 
SILTSTONE, light olive gray (5 Y 5/2), 
siderite concretions 
MUDSTONE, dark yellowish orange (10 YR 
6/6) 
SILTSTONE, dark yellowish orange (10 YR 
6/6) 
SILTSTONE, dusky yellow (5 Y 6/4) , poorly 
indurated , poorly exposed , thin mudshale 
beds 
MUDSTONE, olive gray (5 Y 4/1) 
184 
Measured Section No . 16 
Section measured in the Bullion Creek Formation . 
NW 1/4, SW 1/4, SE 1/4, section 14, T . 142 N . , R . 102 
W. , Billings County , North Dakota . Measured August l , 
1984 by Rod Perkins . Total thickness is 62.78 metres 




6 . 16(61 . 78) 




0.70(52 . 92) 





Top of Section 
LIGNITE, poorly exposed 
COVERED 
MUDSTONE, light gray (N7) 
LIMESTONE, dark yellowish orange (10 YR 
6/6), laterally discontinuous 
MUDSHALE, pale yellowish orange (10 YR 
8/6) 
MUDSHALE , dark yellowish orange (10 YR 
6/6), blocky 
MUDSTONE, dusky brown (5 YR 2/2), fissile 
plant fossils, carbonaceous 
MUDSTONE, dark gray (N3), grades upward 
to greenish gray (5 G 4/1) 
SANDSTONE, yellowish gray (5 Y 7/2), 
poorly indurated to well indurated 
laterally, siderite concretions, some 
siltstone interbeds 
MUDSTONE, light gray (N7) to yellowish 
orange (10 YR 7/6), gypsum crystals , 
abundant plant fossils, laterally there 
are petrified trees 
LIGNITE 
SANDSTONE, yellowish gray (5 Y 7/2), 
poorly indurated, structureless 
3 . 20(42 . 62) 
3.60(39 . 42) 
0 . 40(35 . 82) 
0.05(35 . 42) 
0 . 10(35 . 37) 
0 . 05(35.2 7 ) 
0 . 80(35 . 22) 
0 . 10(34 . 42) 
0.80(34 . 32) 
0 . 10(33.52) 
0.60(33 . 42) 
0 . 10(32 . 82) 
0 . 10(32.72) 
0 . 70(32 . 62) 
0 . 90(31 . 92) 
0 . 20(31.02) 
0 . 20(30.82) 
0 . 40(30 . 62) 
0.20(30.22) 
0 . 10(30 . 02) 
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MUDSHALE , dark yellowish orange (10 YR 
6/6) to light gray (N7) , calcareous 
streaks, moderate brown (5 YR 4/4) 
mudshales with molluscan fossils 
SANDSTONE, medium (NS) to light (N7) 
gray , salt and pepper, sample A-1-16-6 
from 1 m up, structureless, oval siderite 
concretions 
MUDSHALE, medium gray (NS) 
MUDSHALE, medium gray (NS) , abundant 
molluscan fossils 
LIGNITE 
MUDSHALE, medium (NS) to dark (N3) gray 
MUDSTONE, light gray (N7) , very silty 
MUDSHALE , dark yellowish orange (10 YR 
6 / 6), calcareous 
SANDSTONE, yellowish gray (5 Y 7/2) , 
poorly indurated, cross-laminated 
SILTSHALE , light gray (N7) , grades into 
sandstone 
MUDSHALE, light olive gray (5 Y 5/2) 
SILTSTONE , yellowish gray (5 Y 7/2) 
MUDSTONE , dark gray (N3) , laminated; 
laminae outlined by iron oxide staining 
SILTSTONE, yellowish gray (5 Y 5/2) 
MUDSHALE , light olive gray (5 Y 6/1) 
MUDSHALE , dark yellowish orange (10 YR 
6/ 6) , calcareous 
MUDSHALE, light gray (N7) 
SILTSTONE , light gray (N7) 
MUDSTONE, light olive gray (5 Y 5/2) 
MUDSTONE , dusky brown (5 YR 2/2), 
abundant molluscan fossils 
0 . 20(29.92) 
0 . 40(29 . 72) 
0 . 50(29 . 32) 
0 . 10(28 . 82) 
1 . 00(28 . 72) 
0.30(27 . 72) 
0 . 45(27 . 42) 
0 . 10(26 . 97) 
0 . 08(26 . 87) 
0.05(26 . 79) 
0.15(26 . 74) 
0 . 51(26 . 59) 
0 . 50(26 . 08) 
0 . 07(25 . 58) 
0.44(25.51) 
0 . 20(25 . 07) 
186 
MUDSHALE, medium gray (NS) , 5 cm 
carbonaceous cap 
MUDSHALE, medium gray (NS) , gradational 
lower boundary , cross-laminated near base 
SILTSTONE, dusky yellow (5 Y 6/4) , 
moderately indurated , very muddy , gypsum 
crystals 
MUDSHALE , dark yellowish orange (10 YR 
6/6) 
SANDSTONE , yellowish gray (5 Y 7/2) , 
moderately to well indurated , 
cross-laminated (paleocurrent direction 
is N210) , sharp lower contact 
SILTSHALE , light gray (N7) 
MUDSTONE , light olive gray (5 Y 5/2) 
MUDSTONE , dusky yellow (5 y 6/1) 
MUDSHALE , medium gray (NS) 
MUDSHALE , moderate brown ( 5 y 3/4) 
MUDSHALE, yellowish gray ( 5 y 7/2) 
SANDSTONE, light olive gray (5 Y 6/1), 
poorly to well indurated, cross-laminated 
(paleocurrent direction is N205) , 
convoluted bedding , water escape 
structures, micaceous , flaggy towards 
top , sample A-1-16 - 5 taken from base of 
sandstone 
MUDSHALE , dusky yellow (5 Y 6/4) , 
gradational lower boundary , dark 
yellowish orange (10 YR 6/6) towards top , 
gray laminae alternating with dark yellow 
orange laminae 
MUDSHALE, dark yellow orange (10 YR 
6/6) 
SANDSTONE , light gray (N7) , poor exposed , 
rapidly gradational lower contact , sample 
A-1-16-4 
MUDSHALE, dark yellowish orange (10 YR 
6/6) , gradational lower contact 
0 . 20(24 . 87) 
0 . 70(24 . 67) 
0 . 85(23.97) 
0 . 50(23 . 12) 
0 . 10(22 . 62) 
0.40(22 . 52) 
l.00(22.12) 
0 . 58(21.12) 
0 . 27(20 . 54) 
l.00(2027) 
1.50(19 . 27) 
0 . 20(17.77) 
0.15(17 . 12) 
0.10(17 . 42) 
0 . 20(17.32) 
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MUDSHALE, dusky yellow (5 Y 6/4) , the 
lower 3 cm is very carbonaceous moderate 
brown (5 YR 3/4) 
SANDSTONE, light gray (N7), sample 
A-1-16-3 , gradational lower contact , oval 
siderite concretions 
SILTSTONE, light olive gray (5 Y 6/1) , 
muddy, breaks into large pieces , planar 
stratification, sparse molluscan fossils , 
gypsum crystals , upper 50 cm weathers 
dark yellow orange (10 YR 6/6), siderite 
concretions 
SILTSTONE, light olive gray (5 Y 5/2) 
mottled with yellowish gray (5 Y 7/2) , 
muddy , laminated 
MUDSTONE, light gray (N7) , molluscan 
fossils 
MUDSHALE , light olive gray (5 Y 5/2) , 
grades into dusky brown (5 YR 2/2) , 
capped by thin carbonaceous mudshale 
SANDSTONE, lower . 20 is grayish orange 
(10 YR 7/4) , structureless , sample 
A-1-16-2 
MUDSHALE, light gray (N7), 5 cm lignite 
cap 
MUDSHALE, pale brown (5 YR 5/2), 
carbonaceous 
MUDSTONE, light olive gray (5 Y 5/2) , 
gypsum crystals 
SILTSTONES and MUDSTONES, interbedded, 
light olive gray (5 Y 5/2) and dark 
yellowish orange (10 YR 6/6) 
MUDSHALE , light olive gray (5 Y 5/2) 
SILTSTONE , yellowish gray (5 Y 7/2) , 
moderately indurated 
CLAYSTONE, dark yellowish orange (10 YR 
6/6), calcareous , weathers small pieces 
of limestone 
MUDSTONE , light olive gray (5 Y 5/2) 
0.15(17.12) 
0 . 45(16 . 97) 
0 . 15(16 . 52) 
0 . 70(16 . 37) 
1.75(15.67) 
0 . 30(13 . 92) 
0 . 80(13.62) 
0.15(12 . 82) 









CLAYSTONE, dark yellowish orange (10 YR 
6/6) , calcareous, weathers limestones 
MUDSHALE, light olive gray (5 Y 5/2) , 
fissile 
MUDSHALE, pale brown (5 YR 5/2), fissile 
LIGNITE, well developed 
MUDSTONE, light olive gray (5 Y 5/2) 
MUDSHALE, dark yellowish orange (10 YR 
6/6) 
MUDSHALE, light gray (N7) mottled with 
light olive gray (5 Y 5/2) 
LIGNITE 
MUDSTONE, yellowish gray (5 Y 7/2), iron 
concretions 
MUDSHALE, light olive gray (5 Y 5/2) , 
planar stratified, leaf imprints in shale 
partings, possible wavy cross-stratified , 
oval siderite concretion contains a 
possible large gastropod as nucleus , 
septarian fracturing, other siderite 
concretions 
MUDSTONE, light olive gray (5 Y 5/2) 
carbonaceous stringers, gypsum crystals 
MUDSHALE , moderate yellowish brown (10 YR 
5/4), rapidly gradational lower boundary , 
carbonaceous stringers 
SILTSTONE, yellowish gray (5 Y 7/2) , 
muddy, lignitic stringers , oval siderite 
concretions , gradational top, moderately 
indurated towards top 
LIGNITE, zone of interbedded poorly 
developed lignite and very carbonaceous 
mudstone, capped by 2-3 cm well developed 
lignite 
MUDSHALE , light olive gray (5 Y 5/2) , 
capped by 4-5 cm carbonaceous mudstone 
MUDSTONE, moderate brown (5 YR 3/4) , 
carbonaceous 
0 . 20(9 . 80) 
1.10(9 . 60) 
0.30(8 . 50) 
0 . 10(8 . 20) 
5 . 00(8.10) 
0 . 20(3. 10) 
0 . 50(2 . 90) 
0.30(2 . 40) 
0.10(2.10) 
0.50(2 . 00) 
1.50(1 . 50) 
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MUDSTONE , dusky yellow (5 Y 6/4), silty 
SILTSTONE, yellowish gray (5 Y 7/2) , 
lower boundary is 2 cm medium gray (NS) 
mudstone with abundant gypsum crystals , 
muddy, poorly developed , poorly exposed , 
structureless , siderite concretions 
MUDSTONE, pale olive (10 Y 6/2) mottled 
with dark yellowish orange (10 YR 6/ 6) , 
becomes fissile towards top 
MUDSTONE , light olive gray (5 Y 5/2) , 
carbonaceous, abundant iron stained plant 
fossils 
MUDSTONE , light olive gray (5 Y 5/2) 
grades to pale olive (10 Y 6/2) near top , 
breaks into very small pieces, gypsum 
crystals , plant fossils , stained with 
iron oxide and greater amount of plant 
fossils in upper 50 cm 
MUDSTONE , light olive brown (5 Y 5/6) 
MUDSHALE , dark yellowish orange (10 YR 
6/6) 
MUDSTONE, dark yellowish brown (10 YR 
4/2) 
MUDSHALE , light (N7) to medium (NS) gray 
SILTSHALE, light gray (N7), structureless 
SANDSTONE, yellowish gray (5 Y 5/2), 
cross-laminated (paleocurrent direction 
of Nl90) , sample A-1 - 16-1 , lower 1.5 mis 
better indurated 
190 
Measured Section No . 17 
Section measured in the Bullion Creek Formation . 
NW 1 / 4 , NW 1 / 4 , SW 1/4 , section 27 , T . 142 N., R . 102 
W. , Billings County , North Dakota . Measured August 1, 
1984 by Rod Perkins . Total thickness is 64 . 64 metres 
(cumulative thicknesses in parentheses) . 
Th i ckness 
i n metres 
0 . 70(64 . 64) 
0.80(63.94) 
3 . 50(63 . 14) 
0 . 20(59 . 64) 
1 . 40(59.44) 
4 . 00(58.84) 
5 . 00(54 . 04) 
2.00(49 . 04) 
0 . 15(47 .04) 
1.00(46 . 89) 
0 . 30(45.89( 
1.70(45.59) 
Top of Section 
MUDSHALE, light o l ive gray (5 Y 5/2) 
LIGNITE 
MUDSHALE , light gray (N7) to dark 
dark yellow orange (10 YR 7/6) 
LIMESTONE , very pale yellowish orange 
(1 0 YR 8/6) 
MUDSHALE, dusky brown (5 YR 2/2) 
carbonaceous , fissile 
MUDSHALE , gray (N6) mottled with 
dark yellow orange (10 YR 6/6) 
SANDSTONE , lower 2 mare pale 
yellowish orange (10 YR 8/6), upper 3 m 
are light gray (NS), indurated sandstone 
bodies 50 cm thick by 2 meters long (long 
axis oriented N20) 
MUDSHALE , interbedded dark yellow orange 
(10 YR 6/6) and moderate gray (NS) , dark 
yellow orange mudstones are very 
calcareous and laterally develop into 
limestone lenses 
MUDSHALE , moderate brown (5 YR 3/4) 
very carbonaceous 
MUDSTONE , light olive gray (5 Y 5/2), 
blocky 
MUDSTONE , moderate brown (5 YR 3 / 4) , 
carbonaceous (lignitic) 
MUDSHALE, mottled light gray (N7) and 
pale yellowish orange (10 YR 7/6) 
0 . 50(43 . 89) 
0 . 60(43.39) 
0 . 50(42 . 79) 
0 . 70(42 . 29) 
0 . 20(42 . 59) 
0 . 20(41.39) 
0.15(41.19) 
0.30(41 . 04) 
3.00(40.74) 
0 . 30(37 . 74) 
1.80(37 . 44) 
1 . 65(35.64) 
0 . 70(33.99) 
0 . 70(33 . 29) 
2 . 00(32 . 59) 
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SANDSTONE , light gray (N7), poor l y 
indurated, structureless 
MUDSHALE , light gray (N7) mottled 
with dark yellow orange (10 YR 6/6) 
SANDSTONE , light gray (N7) , poorly 
indurated , structureless 
SILTSHALE, light gray (N7), flaggy 
fissile 
MUDSHALE, pale yellowish orange (10 YR 
8/6) 
SILTSHALE, light gray (NS), flaggy 
fissile 
MUDSHALE, light olive gray (5 Y 5/2) 
SILTSHALE, light gray (N7), flaggy, 
fissile 
SILTSTONES and MUDSTONES, interbedded , 
mudstones are light gray (NS) and are 
blocky , the siltstones are yellowish gray 
(5 Y 7/2) and are cross-laminated , 
limestone concretions throughout 
SANDSTONE , light gray (N7) , shaly 
siderite concretions, cross-laminated and 
planar stratified, sample A-1-17-4 
MUDSTONE, light gray (NS), 7-10 
cm bands of calcareous dark yellow orange 
muds tones 
MUDSHALE, light gray (N7), thin 
carbonaceous mudshales , thin limestone at 
top 
MUDSTONE, light yellowish gray (5 Y 7/2) 
cross-stratified , poorly indurated 
MUDSHALE, light (NS) to dark (NS) gray 
thin carbonaceous layers 
SILTSTONES and MUDSTONES, interbedded , 
dark olive gray (5 Y 5/2) to yellowish 
gray (5 Y 7/2), planar stratified , 
vertical concretions, sample A-1-17-3 is 
of siltstone 
1 . 05(30 . 59) 
0 . 25(29 . 54) 
0 . 70(29 . 29) 
0 . 30(28 . 59) 
0 . 30(28 . 29) 
1 . 00(27 . 99) 
0 . 30(26 . 99) 
0 . 30(26 . 69) 
0.60(26 . 39) 
1 . 60(25 . 79) 
0 . 15(24.29) 
0.50(24 . 04) 
192 
MUDSTONE , light gray (N7) , capped 
by 5 cm carbonaceous mudshale 
SILTSHALE , yellowish gray (5 Y 7/2) 
MUDSHALE, very light gray (NS) mottled 
with dark yellowish orange (10 YR 6/6) , 
carbonaceous , plant fragments 
SILTSHALE, yellow i sh gray (5 Y 7/2) , 
plant fragments 
MUDSHALE, light gray (NS) mottled with 
dark yellowish orange (10 YR 7/6) 
SANDSTONE , yellowi sh gray (5 Y 7/2), well 
indurated , split into several sandstones 
separated by thin mudshale partings , 
lower sandstone (uniform thickness , 
structureless) is gradational to 
underlying silt , and is overlain by a 10 
cm sandstone which has trough cross-
bedded, overlying this is 5 cm of planar 
stratification that have 1 cm thick 
laminae , this is overlain by 6 cm of 
muddy siltstone , the next 30 cm is 
sandstone which has climbing 
cross-lamination (1 cm sets , paleocurrent 
direction of N105), the lower surface is 
irregular due to load compaction , this is 
overlain by 30 cm of flaggy sandstone 
MUDSHALE , light gray (N7), thin 
carbonaceous shales , flaggy , laminated, 
plant fragments 
MUDSHALE, light gray (N7) , silty 
MUDSHALE, light gray (N7), weathers 
out dark yellowish orange (10 YR 6/6) 
limestone concretions 
SANDSTONE, yellowish gray ( 5 Y 7/2) 
siderite concretions , lower contact 
undulatory ( . 5 m relief), cross-laminated 
(1-2 cm thick sets, paleocurrent 
direction is N330) 
MUDSHALE, light gray (N7) , disseminated 
gypsum crystals, capped by carbonaceous 
mudstone 
SANDSTONE , yellowish gray (5 Y 7/2) , 
cross-stratified, sample A-1-17-2 
1 . 00(23 . 54) 
2 . 00(22.54) 
1 . 60(20 . 54) 
0 . 10(18 . 94) 
1 . 50(18 . 84) 
0 . 10(17 . 34) 
0 . 12(17 . 24) 
1 . 10(17.12) 
0 . 90(16.02) 
0 . 90(14 . 52) 
0.30(14 . 22) 
0.22(13.92) 
0.32(13 . 70) 
0.30(13 . 38) 
3.30(13 . 08) 
0 . 30(9 . 78) 
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MUDSTONE , dark yellowish brown (10 YR 
4/2) , carbonaceous 
MUDSTONE, pale yellowish brown (10 YR 
6/2) poor exposed 
MUDSTONE, dark yellowish brown (10 YR 
4/2) disseminated gypsum crystals 
LIGNITE 
MUDSTONE, light olive gray (5 Y 5/2) , 
weathers out dark yellowish orange 
limestone, plant fragments 
LIGNITE 
MUDSTONE , dusky brown ( 5 YR 2/2), with 
interbedded lignite 
MUDSTONE , light gray (NS) 
MUDSTONE , dark yellowish orange (10 YR 
6/6) , weathers out Fe-rich carbonates 
SANDSTONE , yellowish gray (5 Y 7/2) , 
poorly indurated , fine grained, 
cross-stratified, oval siderite 
concretions 
MUDSHALE , moderate yellowish orange (10 
YR 7/6) , laterally develops lenticular 
limestone lenses 
MUDSHALE , yellowish gray (5 Y 7/2) to 
medium gray (N5), plant fragments , 
molluscan fossils (bivalves , gastropods) 
MUDSTONE , dark yellowish orange (10 YR 
6/6) 
MUDSHALE , pale red purple (5 RP 6/2) 
MUDSTONE , light olive gray (5 Y 6/1) 
mottled with dark yellowish orange (10 YR 
6/6) , limestone concretions , disseminated 
gypsum crystals 
MUDSTONE , moderate brown (5 YR 4/4) , 
interbedded moderate brown carbonaceous 
mudstones and light olive gray (5 Y 5/2) 
muds tones 
6 . 48(9 . 48) 
3.00(3 . 00) 
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MUDSTONE, light gray (N7) to light olive 
gray (5 Y 3/2), some thin dark gray and 
calcareous dark yellow orange mudshale 
beds (10 to 20 cm), some dark yellowish 
orange limestone concretions in upper 
meter 
SANDSTONE, yellowish gray (5 Y 7/2) , poor 
preservation of sedimentary structures , 
cross-laminated (2-3 cm thick sets at 
base , and in sets of 1-2 cm at top), some 
possible large scale structures, sample 
A-1-17-1 
195 
Measured Section No . 18 
Section measured in the Bullion Creek Formation . 
SW 1 / 4 , SW 1 / 4 , NE 1/4 , section 27, T . 142 N. , R . 103 
W., Billings County, North Dakota. Measured August 5 , 
1984 by Rod Perkins . Total thickness is 31 . 30 metres 




0. 50(31 . 30) 
2 . 25(30 . 80) 
0 . 50(28 . 55) 
0 . 75(28.05) 
1.60(27.30) 
0. 50(25 . 70) 
1 . 60(25 . 20) 
1.00(23 . 60) 
2 . 00(22 . 60) 
1 . 00(20 . 60) 
Top of Section 
SANDSTONE, yellowish gray (5 Y 7 / 2) 
to light gray (N7) , lower 1 . 4 mis poorly 
indurated , upper part of bed better 
indurated , sample A-5-18-4 , N245 - N210 
MUDSHALE , dark yellowish orange (10 YR 
6 / 6) 
MUDSTONE, medium light gray (N6) 
MUDSHALE, moderate brown (5 YR 3/ 4) , 
weathers out small pieces of limest one 
MUDSTONE , moderate olive gray (5 Y 4/ 2) 
to light gray (N7) 
MUDSHALE, medium gray (NS) mottled 
with dark yellow orange (10 YR 6/6) ; at 
top is layer with discontinuous 
limestones ( . 3 m thick by 2-3 m long , 
pale yellowish orange) 
LIGNITE , dusky brown (5 YR 2/ 2) 
poorly developed , very muddy 
MUDSHALE , moderate yellow orange (10 YR 
7/6) mottled with light olive gray (5 Y 
5 / 2), thin carbonaceous zones 
MUDSHALE , moderate olive gray (5 Y 4 / 2) , 
poor exposed , 5 c m carbonaceous cap 
MUDSTONE, light brownish gray (5 YR 
6/ 1) to greenish gray (5 G 5 / 1) , silty , 
10 cm dark yellowish orange (10 YR 6/ 6) 
calcareous layers 
MUDSHALE , dark yellowish orange ( 10 YR 
6 / 6) , abundant limestone concretions 
2 . 65(19 . 60) 
0.10(16 . 95) 
1.80(16.85) 
0 . 40(15.05) 
0 . 50(14 . 65) 
0 . 20(14 . 15) 
1.00(13 . 95) 
0 . 10(12.95) 
3.00(12.85) 
0 . 70(9.85) 
0 . 40(9.15) 




MUDSTONE, moderate olive gray (5 Y 4/2) 
limestone nodules (10-15 cm thick by 30 
cm long), weathers to moderate reddish 
brown (10 YR 4/6) 
MUDSHALE, light gray (N7) 
SANDSTONE, light gray (N7), poorly 
indurated , siderite concretions, sample 
A-5-18-3, layer of gypsum (1 cm thick) at 
base , upper contact is gradational , muddy 
toward top, grain size fines upward 
MUDSHALE, dark yellow orange (10 YR 
6/6) 
MUDSTONE, medium gray (N5), carbonaceous 
MUDSHALE, dark yellowish orange (10 YR 
6/6) 
SANDSTONE, yellowish gray (5 Y 7/2) 
poorly indurated, muddy, light gray (N7) 
towards top 
MUDSTONE, light olive gray (5 Y 5/2) 
laminated 
SANDSTONE , yellowish gray (5 Y 5/2), well 
to poorly indurated, upper 1 . 5 m well 
indurated, cross-laminated (2-3 cm sets, 
paleocurrent direction is Nl80, sample A-
5-18-3), on upper surface are rib and 
furrow structures 
MUDSHALE, mottled moderate yellow orange 
(10 YR 6/6) and medium gray (N6) ; finely 
laminated 
MUDSHALE , moderate brown (5 Y 4/4), very 
carbonaceous , grades into peat of 
MUDSHALE, moderate yellow orange (10 YR 
6/6), abundant molluscan and vertebrate 
fossils 
MUDSHALE, pale bluish gray (5 PB 6/2) 
MUDSHALE, moderate olive gray (5 Y 4/4) 
capped by 7 cm lignite 
0.30(7.55) 
0 . 50(7.25) 
1 . 80(6.75) 
0 . 60(4 . 95) 
0.15(4.35) 
1 . 00(4.20) 
2 . 20(3 . 20) 
1 . 00(1.00) 
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MUDSHALE, mottled moderate yellow orange 
(10 YR 7/6) and light olive gray (5 Y 
5/1} 
MUDSHALE, light olive gray (5 Y 5/2) 
carbonaceous, molluscan fossils, round 
sand nodules ( .5 cm thick) 
SANDSTONE, light gray (N7), fine grained , 
poorly to well lndurated, laterally, 
cross-bedded (22 to 23 cm thick sets) , 
upper part ls cross-laminated (1-2 cm 
sets, sample A-5-18-1), slderlte 
concretions 
MUDSHALE, moderate yellow orange (10 YR 
6/6), gypsum crystals 
MUDSTONE, yellowish gray (5 Y 7/2) 
MUDSHALE, pale yellowish brown (10 YR 
6/2) dark towards top, capped by 5 cm 
carbonaceous mudshale 
MUDSHALE, light olive gray (5 Y 6/1) , 
capped by thin peat (moderate brown (5 YR 
3/4) to black (Nl), gypsum crystals 
MUDSHALE, yellowish gray (5 Y 7/2) 
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Measured Section No . 19 
Section measured in the Bul l ion Creek Formation . 
SW corner , section 22 , T . 142 N. , R . 102 W., Billings 
County , North Dakota . Measured August 6 , 1984 by Rod 
Perkins . Total thickness is 44 . 13 metres (cumulative 




1.00(42 . 43) 
1 . 70(41 . 43) 
1 . 50(37 . 93) 
1.00(38.23) 
2.00(37.23) 
0 .30(35 . 23) 
0.10(34.93) 
1 . 00(34 . 83) 
0 . 20(33 . 83) 
2 . 00(33 . 63) 
3 . 00(31.63) 
3.00(28.63) 
Top of Section 
SANDSTONE , yellowish gray (5 Y 5/2), well 
indurated , planar stratified , 
cross-laminated 
LIMESTONE, pale yellowish orange (10 YR 
8/6) , laterally continuous 
MUDSHALE , dark yellowish orange (10 YR 
6/6) mottled with medium gray (N6) 
SANDSTONE , pale yellowish orange (10 YR 
8/6) , poorly indurated , structureless 
MUDSTONE, medium gray (NS) 
MUDSTONE, dark yellowi sh orange (10 YR 
6/6) mottled with olive gray (10 Y 3 / 2) , 
weathers out dark yellowish orange (10 YR 
6/6) limestone nodules 
MUDSHALE, dark gray (N3) , carbonaceous 
MUDSHALE, dusky brown (5 YR 2/2) , 
carbonaceous 
MUDSTONE, olive gray (5 Y 3/2) 
LIGNITE 
MUDSHALE, dusky brown (5 YR 2/2) , very 
carbonaceous , lignitic , gypsum crystals 
MUDSTONE , light gray (N7) 
MUDSTONE, light olive gray (5 Y 5/2) 
mottled with dark yellow orange (10 YR 
6/6) 
2 . 50(25 . 63) 
0 . 30(23.13) 
1.00(22 . 83) 
1 . 00(21 . 83) 
1 . 80(20 . 83) 
1 . 00(19 . 03) 
1 . 00(18 . 03) 
1.00(17 . 03) 
1.00(16 .03) 
1.20(15 . 03) 
1.30(13.83) 
0 . 65(12.53) 
0 . 50(11.88) 
1 . 00(11 . 38) 
0 . 15(10 . 38) 
0 . 80(10 . 23) 
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SANDSTONE , lower 25 cm is yellowish gray 
(5 Y 5/2) , upper 2 . 25 mis very light 
gray (NS), structureless , sample A-6-19-5 
MUDSTONE, moderate olive gray (5 Y 4/2) 
SILTSTONE , yellowish gray (5 Y 7/2), 
poorly indurated , structureless 
MUDSHALE , dark yellowish orange (10 YR 
6/6) mottled with light gray (N7) 
SANDSTONE, yellowish gray (5 Y 7/2) to 
light gray (N7), poorly to well 
indurated , cross-stratified (sample A- 6-
19 - 4), oval siderite concretions 
MUDSHALE, light gray (N7), silty 
MUDSTONE , medium gray (NS) 
MUDSHALE, light gray (N7) mottled 
with dark yellowish orange (10 YR 6/6) 
SILTSTONE , yellowish gray (5 Y 5/2) , 
poorly indurated , oval siderite 
concretions 
MUDSHALE, light gray (N7) mottled with 
pale yellow orange (10 YR 8/6) , gypsum 
crystals 
MUDSHALE, light gray (N7) , dark yellow 
streaks, disseminated molluscan fossils , 
capped by 5 cm carbonaceous mudshale 
LIGNITE 
SILTSTONE, light olive gray (5 Y 6/1) , 
very muddy, some fine sand, layer of 
horizontal irregularly shaped siderite 
concretions 
MUDSTONE , light olive brown (5 Y 5/6) 
mottled with light gray (N7) 
LIGNITE, poorly developed 
MUDSTONE , light olive gray (5 Y 5/2) , 
grades to moderate brown (5 YR 3/4) at 
top 
0.50(9.43) 
0 . 30(8 . 93) 
0 . 50(8 . 63) 
0.50(8 . 13) 
0 . 30(7 . 63) 
1.00(7 . 33) 
0 . 08(6 . 33) 
0 . 15(6 . 25) 
0 . 60(6 . 10) 
5.50(5 . 50) 
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MUDSTONE, pale yellowish orange (10 YR 
8/6) , silty 
MUDSTONE, dark yellowish orange (10 YR 
6/6), weathers out small pieces of 
limestone 
MUDSTONE , greenish gray (5 GY 6/1) 
SILTSTONE , yellowish gray (5 Y 7/2) , 
gradational lower contact , muddy 
SANDSTONE, light gray (N7) , very fine 
grained , horizontal irregular siderite 
concretions 
MUDSTONE , dark yellowish orange (10 YR 
6/6) mottled with light olive gray (5 Y 
5/2) , laterally develops i nto limestone 
MUDSTONE, moderate olive gray (5 Y 4/2) , 
carbonaceous cap (1 cm) 
LIGNITE , moderate brown (5 YR 3/4) , 
poorly developed, very muddy 
SANDSTONE , light olive gray (5 Y 6/1) , 
muddy 
SANDSTONE , pale yellowish brown (10 YR 
6/1), inclined planar-stratification , 
cross-laminated (supercritical and 
subcritical climbing) , reactivation 
surfaces , much of the cross-lamination is 
outlined by carbonaceous layers , sample 
A-6-19-2 is from the sandstone at the 
base of the section, sample A-6-19-3 is 
from the sandstone just above the last 
sample , sandstone above the basal 2 
meters of sandstone has tabular 
cross-bedding and siderite concretions, 
sample A-6-19-1 is from near the top of 
the sandstone 
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Measured Section No . 20 
Section measured in the Bullion Creek Formation . 
NE 1/4 , NW 1 / 4 , SE 1/4 section 28, T . 142 N., R. 102 W. , 
Billings County , North Dakota . Measured August 7 , 1984 
by Rod Perkins . Total thickness is 62.50 metres 




3 . 00(62 . 50) 
0 . 30(59.50) 
1 . 10(59 . 20) 
8.00(58.10) 
5 . 00(50 . 10) 
2 . 70(45 . 10) 
4 . 00(42 . 40) 
0 . 80(38 . 40) 
0 . 30(37 . 60) 
0 . 60(37.30) 
1 . 70(36 . 70) 
1 . 00(35 . 00) 
Top of Section 
SANDSTONE, light bluish gray 
MUDSHALE, dark yellowish orange (10 YR 
6/6), petrified tree stumps in upright 
position 
MUDSHALE, brown (5 Y 4/4) 
LIGNITE 
MUDSTONE, dark gray (N3) , silty 
SANDSTONE, light dusky yellow (5 Y 7/4), 
salt and pepper , muddy, sample A-7-20-6 , 
Sentinel Butte Formation 
MUDSHALE, dusky brown (5 YR 2/2) , fis-
sile , carbonaceous; is gradational to 
lignite, HT lignite, petrified trees in 
lignite 
MUDSHALE, light gray (N7) , blocky , darker 
towards top 
LIGNITE 
MUDSHALE, moderate brown (5 YR 3/4) , 
fissile 
MUDSHALE, light olive gray (5 YR 3/4) , 
mottled with dark yellowish orange (10 YR 
6/6), finely blocky 
SILTSTONE, pale yellowish orange (10 YR 
8/6) 
MUDSTONE, dark yellowish orange (10 YR 
6/6) 
0 . 50(34 . 00) 
0.80(33 . 50) 
0 . 40(32 . 70) 
0 . 80(32.30) 
2 . 80(31 . 50) 
0.70(28 . 70) 
0 . 70(28.00) 
0.50(27.30) 
0 . 70(26 . 80) 
l.00(26 . 10) 
0.20(25.10) 
l.00(24.90) 
1.00(23 . 90) 
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MUDSTONE , dusky yellow (5 Y 6/4) , 
discontinuous brown (5 YR 3/4) mudshales 
SANDSTONE , yellowish gray (5 Y 7/2) , 
poorly indurated, cross-stratified , 
sample A-7-20-5 
MUDSTONE, pale yellowish orange (10 YR 
8/6) , very silty 
SANDSTONE, yellowish gray (5 Y 7/2), 
poorly exposed , moderately indurated , 
forms a subtle ledge , cross-stratified , 
oval siderite concretions 
MUDSTONE, pale yellowish orange 
(10 YR 8/6) mottled with light gray (N7) , 
8 ten cm thick dark yellow orange 
calcareous mudstone layers 
MUDSTONE, dark yellow orange (10 YR 
6/6) mottled with light oliv e gray (5 Y 
5/2) 
SILTSTONE , yellowish gray (5 Y 7/2), 
poorly indurated, structureless , oval 
siderite concretions 
MUDSTONE , dark gray (N3) , carbonaceous 
cap 
MUDSTONE light gray (N7) 
MUDSTONE , medium gray (NS) , thin 
siltstone interbeds 
SANDSTONE , yellowish gray (5 Y 7/2), 
moderately indurated, structureless 
SANDSTONE , yellowish gray (5 Y 7/2) 
poorly to moderately indurated, grades to 
siltstone near top 
MUDSTONE , dark gray (N4) mottled dark 
yellow orange (10 YR 6/6) , siltstone 
stringers, dark gray (N3) at top 
1.75(22.90) 
0.05(21.20) 
0 . 20(21.25) 
0 . 20(20.95) 
0.20(20.75) 
0 . 35(20.55) 
0.10(20 . 20) 
0 . 05(20.10) 
0 . 50(20 . 05) 
3 . 60(19 . 55) 
0 . 50(15.95) 
2 . 00(15.45) 
1 . 00(13.45) 
0 . 10(12 . 45) 
0.70(12.35) 
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SANDSTONE , yellowish gray (5 Y 7/2) 
lower 23 cm is well indurated, very 
muddy, cross-laminated (supercritically 
climbing), next 10 cm is cross-laminated 
(subcritically climbing, 5 mm thick 
sets), grades upward into larger scale , 
next 10 cm is subcritically climbing 
cross-lamination (1 cm thick sets), next 
7 cm is cross-laminated (subcritically 
climbing , 2-3 cm thick sets, festoon to 
trough) , next 25 cm ls cross-bedded 
(troughs and festoon , troughs show 
paleocurrent direction of N50), sample 
A- 7-20-4 out of best indurated lower 
horizon , next meter of sandstone is less 
well indurated and structureless 
MUDSHALE, dark yellow orange (10 YR 6/6) 
MUDSHALE, olive gray (5 Y 3/2) 
SANDSTONE , light gray (N7) , poorly 
indurated , structureless 
MUDSHALE , dark yellow orange (10 YR 6/6) 
SANDSTONE, light gray (N7), poorly 
indurated, structureless , oval siderite 
concretions 
MUDSTONE, dark gray (N3) 
MUDSTONE, dark yellow orange (10 YR 
6/6) 
SANDSTONE, yellowish gray (5 Y 7/2) 
poorly indurated , structureless 
COVERED 
SILTSTONE , light olive gray (5Y 6/1) 
muddy 
COVERED 
MUDSTONE , olive gray (5 Y 3/2) 
mottled with dark yellow orange (10 YR 
6/6) 
MUDSHALE , dark yellow orange (10 YR 6/ 6) 





1.00(9 . 20) 
0 . 30(8 . 20) 







MUDSTONE, greenish gray (5 GY 6/1) 
muddy 
MUDSTONE, olive gray (5 Y 3/2) 
3-4 cm carbonaceous cap 
MUDSTONE, dark yellow orange (10 YR 6/6) 
laterally develops into limestones 
SILTSTONE, yellowish gray (5 Y 7/2), 
discontinuous limestone concretions (5 -
10 cm thick by 40 - 50 cm long), weathers 
out very small limestone pieces, may 
develop into fine sandstone in some 
places , oval siderite concretions, sample 
A-7-20-3 from siltstone 
MUDSTONE, dark yellowish orange (10 YR 
6/6) in lower part and becomes mottled 
with light gray (N7) in upper 35 cm , also 
becomes silty 
LIMESTONE, pale yellowish orange (10 YR 
6/6 conchoidal fracture , laterally 
discontinuous ( 3 m long) 
LIGNITE 
MUDSTONE, light olive gray (5 Y 5/2) 
3 cm carbonaceous layer at 1 . 6 m from 
bottom, molluscan fossils 
SILTSTONE , yellowish gray (5 Y 7/2) 
poorly indurated, sample A-7-20-2 , 
sandstone is poorly developed with 
interbeds of 2-3 cm thick calcareous dark 
yellow orange mudstones 
MUDSHALE , dark yellowish orange (10 YR 
6/6) 
SANDSTONE, yellowish gray (5 Y 7/2) 
gradational lower contact , sandstone is 
poorly indurated, cross-laminated (sample 
A-7-20-1), interbedded thin siltstones 
and mudstones at base, dark yellowish 
brown (10 YR 4/2) discontinuous lenses 
with limestones 
MUDSTONE, light olive gray (5 Y 5/2) 
0 . 30(3.05) 
0 . 25(2 . 75) 
0.30(2 . 50) 
0 . 70(2 . 20) 
1.50(1.50) 
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MUDSTONE, dark yellowish orange (10 YR 
6/6) to light olive gray (5 Y 6/1) , in 
dark yellowish mudshale is grayish 3 cm 
layer with abundant molluscan fossils 
MUDSHALE , medium bluish gray (5 B 5/1) 
finely fissile, abundant plant fossils 
MUDSTONE, pale yellowish brown (10 YR 
6/2) gradational lower boundary, 
carbonaceous cap (l-2 cm) 
MUDSTONE, moderate grayish olive (10 Y 
5/2) 
MUDSTONE, dark yellow orange (10 YR 
6/6), weathers out dark yellow orange 
limestone nodules 
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Measured Section No. 21 
Section measured in the Bullion Creek Formation. 
Center of south line, SE 1/4, SW 1/4, SE 1/4, section 
28, T . 142 N., R . 102 W. , Billings County , North Dakota . 
Measured Augus t 8, 1984 by Rod Perkins . Total thickness 
is 38.95 metres (cumulative thicknesses in parentheses) . 
Thickness 
in meters 
2.00(38 . 95) 
2 . 00(36 . 95) 
1 . 00(34.95) 
0.20(33 . 95) 
1.00(33 . 75) 
1.00(32 . 75) 
0 . 07(31 . 75) 
0 . 70(31 . 68) 
0 . 08(30 . 98) 
0 . 20(30 . 90) 
2.00(30.70) 
4.50(28.70) 
3.00(24 . 20) 
3 . 00(21.20) 
1.00(18.20) 
Top of Section 
MUDSTONE, light gray (N7) mottled with 
dark yellow orange (10 YR 6/6), limestone 
concretions , tree stumps 
MUDSTONE , light gray (N7) 
MUDSTONE, dark gray (N3) 
MUDSHALE, dusky brown (5 YR 3/4), fissile 
LIGNITE 
MUDSTONE, light olive gray (5 y 5/2) 
MUDSTONE , light brown ( 5 y 5/6) 
MUDSTONE, light gray (N7) , silty 
CLAYSTONE, moderate yellow (5 Y 7/6) 
sample A-6-21-1 
MUDSTONE, dark gray (N3) 
MUDSTONE , light gray (N7) , silty 
MUDSTONE, medium gray (N5) 
SILTSTONES and MUDSTONE, interbedded, 
limestone concretions near top , also 
grades into gray mudshale 
SILTSTONE, yellowish gray (5 Y 7/2) 
round concretionary sandstone ( . 70 m 
diameter) bodies (dusky brown (R YR 2/2) , 
random orientation 
MUDSTONE, light olive gray (5 Y 5/1) 
0 . 25(1 7. 20) 
2.50(16 . 95) 
3.50(14 . 45) 
1 . 30(10 . 95) 
0 . 20(9 . 65) 
2 . 00(9 . 45) 
4 . 50(7 . 45) 
1 . 40(2 . 95) 
0 . 70( 1. 55) 
0 . 15(0 . 85) 
0 .40(0 . 70) 
0.30(0 . 30) 
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SILTSTONE , yellowish gray (5 Y 7/2) 
moderately indurated , cross-stratified 
SILTSTONE, light olive gray (5 Y 6/1) 
limestone concretions , structureless , 
muddy , poorly indurated 
MUDSHALE , medium gray (N5) , limestones 
concretions , 7 cm carbonaceous cap 
MUDSHALE , moderate brown (5 YR 3/4) 
very carbonaceous, grades laterally into 
poor lignite 
MUDSHALE, medium gray (N5) 
SANDSTONE , yellowish gray (5 Y 7/2) , 
poorly indurated, structureless 
MUDSHALE, medium gray (NS), mottled with 
yellowish gray (5 Y 7/2) 
LIGNITE 
MUDSTONE, gray (N6) 
MUDSHALE , moderate brown ( 5 YR 4/4) 
MUDSHALE , medium gray (NS) 
SANDSTONE, yellowish gray (5 Y 7/2) 
moderately indurated , structureless , oval 
siderite concretions 
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Measured Section No . 22 
Section measured in the Bullion Creek Formation . 
NE 1/4 , SE 1 / 4 , SW 1/4 , section 15 , T . 142 N . , R. 102 
W., Billings County , North Dakota . Measured August 8 , 
1984 by Rod Perkins . Total thickness is 84 . 93 metres 
(cumulative thicknesses in parentheses) . 
Thickness 
in metres 
5 . 00(84 . 93) 
1 . 00(79 . 93) 
5 . 50(78 . 93) 
1 . 00(73 . 43) 
3 . 00(72 . 43) 
0 . 10(69 . 43) 
3 . 50(69 . 33) 
3 . 00(65 . 38) 
0.50(62 . 83) 
1 . 40(62.33) 
4 . 00(60 . 93) 
Top of Section 
SANDSTONE , pale yellowish orange (10 YR 
8/6), sample A-8 - 22-7 
LIGNITE 
MUOSHALE, interbedded light gray (N7) and 
dark yellowish orange (10 YR 6/6) 
mudshales , some small limestone nodules 
MUOSHALE, dusky brown (5 YR 2/2), fissile 
very carbonaceous, abundant plant 
fragments 
MUDSHALE, pale yellowish orange (10 YR 
6/6) to light gray (N7) 
MUDSHALE , light gray (N7) 
SANDSTONE, yellowish gray (5 Y 7/2), 
poorly to moderately indurated , 
structureless 
MUDSHALE , light gray (N7) mottled with 
dark yellowish orange (10 YR 6/6), 
weathers out limestone nodules 
LIGNITE , dusky brown (5 YR 2/2) 
laterally gradational to carbonaceous 
mudshale 
MUDSHALE , olive gray (5 Y 3/2) , with 
some dusky brown (5 YR 2/2) carbonaceous 
shales 
SANDSTONE, very light gray (N8) , poorly 
indurated, cross-stratified , irregularly 
shaped siderite concretions near base , 
sample A-8-22-6 
2.70(56 . 93) 
0 . 30(54 . 23) 
0.40(53.93) 
3 . 00(53 . 53) 
1 . 15(50.53) 
0 . 15(49 . 38) 
0 . 15(49.23) 
1 .30(49.08) 
2 . 00(47.78) 
0 . 50(45 . 78) 
0 . 30(45.28) 




0 . 27(39 . 58) 
1.00(39.31) 
0 . 80(38.31) 
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MUDSHALE, light gray (N7) 
MUDSTONE, dark gray (N3) , capped by 5 cm 
dusky brown (5 YR 2/2) carbonaceous cap 
SILTSTONE , yellowish gray (5 Y 7/2), 
poorly indurated, structureless 
MUDSHALE, dark gray (N3) , 5-10 cm 
interbedded siltstones 
MUDSHALE, dark yellowish orange (10 YR 
6/6) grading up to gray (N6) , dusky brown 
(5 YR 2/2) carbonaceous mudshale cap with 
abundant molluscan fossils 
SILTSTONE, yellowish gray (5 Y 7/2), 
structureless 
MUDSHALE, dark yellowish orange (10 YR 
6/6) 
MUDSHALE , dark gray (NS) , laminated 
with light gray (N7) silty mudshale 
SANDSTONE, yellowish gray (5 Y 7/2) 
poorly indurated , structureless 
MUDSHALE, dark yellowish orange (10 YR 
6/6) to medium gray (NS) 
SILTSTONES, and MUDSTONES, thinly 
interbedded 
SANDSTONE, yellowish gray (5 Y 7/2) 
poorly indurated , structureless 
MUDSHALE , dark yellowish orange (10 YR 
6/6) to medium gray (NS) 
SANDSTONE , dusky yellow (5 Y 6/4), poorly 
indurated and exposed, oval siderite 
concretions 
LIGNITE , interbedded dusky brown 
(5 Y 6/4) carbonaceous mudshales 
MUDSHALE , medium gray (NS) 
SANDSTONE , light gray (N7), poorly 
exposed, structureless , oval siderite 
concretions 
LIGNITE 
0.20(37 . 51) 
1 . 50(37 . 31) 
2 . 00(35.81) 
0 . 80(33.81) 
0 . 20(33 . 01) 
0 . 30(32 . 82) 
0 . 20(32.51) 
0 . 60(32 . 31) 
0.30(31 . 71) 
0 . 10(31.41) 
0 . 30(31.31) 
0 . 20(31 . 01) 
0.30(30 . 81) 
0.75(30 . 51) 
0 . 25(29.76) 
0 . 40(29.51) 
1.50(29.11) 
0 . 20(27 . 61) 
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MUDSTONE , olive gray (5 Y 5/2) 
SILTSTONE , yellowish gray (5 Y 7 / 2) 
muddy towards top 
MUDSTONE, light gray (5 Y 7/2) mottled 
with dark yellowish orange (10 YR 6/ 6) 
SANDSTONE, yellowish gray (5 Y 7 / 2) , 
poorly exposed, cross-stratified, poorl y 
to moderately indurated 
MUDSHALE, dark yellow orange (10 YR 
6/6) mottled with light gray (N7), sil ty 
towards top 
LIGNITE, dusky brown (5 YR 2/2). very 
carbonaceous 
MUDSHALE, light gray (N7) 
SILTSTONE, yellowish gray (5 Y 7 / 2) 
poorly exposed 
MUDSHALE , light olive gray (5 Y 5 / 2) t o 
greenish gray (5 GY 6/2 
MUDSTONE, dark yellowish orange (10 YR 
6/6) 
SILTSTONE , yellowish gray (5 YR 6/ 6 ), 
poorly exposed, cross-stratified 
MUDSTONE, olive gray (5 Y 3/2) 
MUDSHALE, dark yellowish orange (10 YR 
6/6), limestone concretions 
MUDSTONE , light olive gray (5 Y 5 / 2) 
3 cm dusky brown (5 YR 2/2) carbonaceous 
mudshale at 25 cm from top 
MUDSHALE, dark yellowish orange ( 10 YR 
6/ 6) , calcareous 
SILTSTONE, olive gray (5 Y 7/2), muddy, 
gradational lower boundary 
MUDSHALE, olive gray (5 Y 3/2) , some 
dark yellowish orange (10 YR 6/ 6) 
limestone concretions 
MUDSHALE, light olive gray (5 Y 5 / 2) 
0 . 20(27 . 41) 
0 . 85(27.21) 
1 . 50(26.30) 
0 . 50(34.86) 
1.70(24 . 36) 
0.10(22 . 66) 
1 . 50(22 . 56) 
0 . 05(21.06) 
0.50(21.01) 
0.60(20.51) 
2 . 00(19.91) 
0 . 70(17.91) 
2.20(17.21) 
0.33(15.01) 
0 . 15(14.68) 
3.00(14.53) 
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MUDSHALE, olive gray (5 Y 3/2), abundant 
molluscan fossils , fissile 
LIMESTONE, pale yellowish orange (10 YR 
8/6) , conchoidal fractures, laterally 
grades into mudshale, bed is continuous 
over area 
MUDSHALE, light gray (N7) 
LIMESTONE, dark yellowish orange (10 YR 
6/6), poorly developed, laterally 
gradational to calcareous mudshale 
MUDSHALE, olive gray (5 Y 4/2) , blocky 
LIGNITE 
MUDSTONE, light olive gray (5 Y 6/1) , 
very silty 
MUDSHALE, dusky brown (5 YR 2/2) 
abundant molluscan fossils 
SILTSTONE, light olive gray (5 Y 6/1) 
laterally some cross-laminated (small and 
medium scale) sandstone bodies (12-13 cm 
thick) , long axis of sandstone bodies 
oriented N25 
MUDSTONE, dark gray (N3) 
SILTSTONE, yellowish gray (5 Y 7/2), 
muddy, poorly indurated, structureless 
SANDSTONE, yellowish gray (5 Y 7/2) , 
weakly indurated, cross-laminated, sample 
A-8-22-5, varies in thickness, leaf 
imprints 
MUDSHALE, dark yellowish orange (10 YR 
6/6) and light gray (N7), thin (5 cm 
thick) flaggy limestone beds 
MUDSHALE, light gray (N7) 
SILTSTONE, yellowish gray (5 Y 7/2) 
moderately indurated , structureless 
SANDSTONE, yellowish gray (5 Y 7/2) 
micaceous , muddy , plant fragments, sample 
A-8-22-4 
0 . 15(11 . 53) 
0.55(11.38) 
1 . 00(10 . 83) 
0 . 30(9.83) 
0 . 23(9 . 53) 
1 . 00(9 . 30) 
0 . 40(8.30) 
0 . 10(7 . 90) 
0 . 30(7 . 80) 
0 . 50 (7 . 50) 
0.15(7 . 00) 
0.15(6.85) 
1 . 20(6.70) 
0.50(5.50) 
0.20(5 . 00) 
1.00(4 . 80) 
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MUDSHALE , medium gray (NS) , plant 
fragments 
MUDSHALE, dark yellow orange (10 YR 
6/6), limestone concretions, sample 
A-8-22-3 
MUDSHALE, light gray (N7) , capped by 
dusky brown (5 YR 3/4) layer with 
abundant plant fragments 
LIGNITE , intermixed with moderate 
brown (5 YR 4/4) carbonaceous mudshale 
MUDSHALE, light gray (N7) 
SANDSTONE, pale yellowish orange (10 YR 
8/6) , oval sider i te concretions, sample 
A-8-22-3, moderately indurated , some thin 
dark yellowish orange shale beds 
MUDSTONE, pale yellowish orange (10 YR 
8/6) , molluscan fossils at boundary 
CLAYS TONE 
MUDSHALE, moderate brown ( 5 YR 4/4) , very 
carbonaceous, gradational lower boundary 
MUDSTONE , yellowish gray (5 Y 7/2) , sandy 
sample A-8-22-2 
CLAYSTONE, light gray (N7) 
LIGNITE 
MUDSTONE , yellowish gray (5 Y 7/2) , 
blocky, plant fossil fragments 
LIGNITE 
MUDSHALE, dusky brown (5 YR 2/2) 
MUDSHALE , light gray (N7) mottled 
with dark yellow orange (10 YR 6/6) 
0 . 10(3.80) 
0 . 20(3 . 70) 
3 . 50(3.50) 
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MUDSHALE, dark yellowish orange, 
calcareous 
MUDSTONE, medium gray (NS) 
SANDSTONE, yellowish gray (5 Y 7/2), 
poor to well indurated , cross-laminated 
(small and medium scale), planar 
stratified, sample A-8-22-1 (from 
indurated upper part of sandstone) 
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Measured Section No. 24 
Section measured in the Bullion Creek Formation . 
Center of east line, SE 1/4, section 22 , T. 142 N . , R. 
102 W., Billings County, North Dakota . Measured August 
10, 1984 by Rod Perkins . Total thickness is 48.50 




0 . 30(48 . 50) 
1 . 00(48.20) 
0.20(47 . 20) 
2 . 00(47.00) 
0.30(45.00) 





0.20(40 . 80) 
4.10(40.60) 
Top of Section 
SANDSTONE 
MUDSTONE, greenish gray (5 GY 5/1) 
MUDSTONE, olive gray (5 Y 4/1) , gypsum 
crystals , lignite cap 
MUDSHALE, dark olive gray (5 Y 4/2) 
SANDSTONE, pale yellow orange (10 YR 
8/6) , cross-stratified, siderite 
concretions, sample A-10-24-5 
MUDSHALE, pale yellowish orange (10 YR 
7/6) 
SILTSTONE, light gray (N7), planar-
stratified in lower . 7 meters, cross-
stratified in upper l meter, shale 
partings 
MUDSHALE, pale yellowish orange (10 YR 
8/6) 
MUDSHALE, medium gray (NS), abundant 
molluscan fossils 
MUDSHALE, greenish gray (5 GY 5/1), 
grades upward to light gray (N6) 
MUDSHALE, light gray (N6) , 5 cm lignite 
cap 
MUDSHALE, dusky brown (5 YR 2/2), capped 
by 5 cm lignite 
MUDSHALE, light olive gray (5 Y 5/2) to 
light gray (N6), upper 1.5 mis silty 
0 . 30(36.50) 
0.60(36 . 20) 
0.60(35 . 60) 
0 . 20(35 . 00) 
0 . 20(34.80) 
0 . 30(34.60) 
7 . 50(34 . 30) 
1.00(26 . 80) 
0.30(25 . 80) 
0.20(25 . 50) 
1 . 20(25 . 30) 
1.00(24.10) 
0 . 15(23 . 10) 
0 . 20(22.95) 
1 . 50(22.75) 
0 . 30(21.25) 
2 . 10(20.95) 
2 .00(18 . 85) 
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SILTSTONE, pale yellowish orange (10 YR 
8/6) 
SANDSTONE, yellowish gray (5 Y 8/1), 
poorly indurated 
SILTSTONE , yellowish gray (5 Y 8/1), 
siderite concretions , poorly indurated 
MUDSHALE, dark yellowish orange (10 YR 
6/6) , silty 
MUDSHALE, dark gray (NS), lignite cap 
MUDSHALE, dark yellowish orange (10 YR 
6/6) 
SANDSTONE, yellowish gray (5 Y 8/1) , 
cross-laminated (sample A-10-24-4), 
planar-stratified (sample A-10-24-5), 
cross-bedded (sample A- 10-24-6, lag 
deposits), laterally varies in thickness 
COVERED 
MUDSHALE, greenish gray (5 GY 
5/1) , carbonaceous 
SILTSTONE, light olive gray (5 Y 5/2) 
MUDSHALE, gray (N6) 
MUDSHALE , dark gray (NS) , abundant fossil 
fragments (bivalves), fossil hash at top 
LIGNITE 
MUDSHALE , dark gray (NS) 
SILTSTONES and MUDSTONES, interbedded 
MUDSHALE, dark yellowish orange (10 YR 
6/6) and light olive gray (5 Y 5/2) 
mottled, poorly exposed 
SANDSTONE , yellowish gray (5 Y 8/1) , 
poorly to moderately indurated , poorly 
exposed , several 4 cm shale partings , 5 
cm thick layer near middle ls cross-
laminated (paleocurrent direction is 
N310) 
MUDSTONE, light olive gray (5 Y 5/2) 
0 . 10(16 . 85) 
0 . 10(16.75) 
2 . 30(16 . 65) 
1.50(14 . 35) 
2 . 30(12 . 85) 
0 . 10(10 . 55) 
2 . 30(10 . 45) 
0 . 50(8 . 15) 
0. 40(7 . 65) 
1. 05(7 . 25) 
0. 50(6 . 20) 
2 . 20(5 .70) 
0 . 45(3 . 50) 
0. 45(3 . 05) 
0. 60(2 . 60) 
2 .00(2 . 00) 
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LIGNITE 
CLAYSTONE , dark gray (NS) , lignite cap 
SILTSTONE, light olive gray (5 Y 6/l) , 
siderite concretions , grain size fines 
upward , sample A-10-24-1 
MUDSHALE , light olive gray (5 Y 5/2) 
mottled dark yellowish orange (10 YR 6/ 6 ) 
SANDSTONE , yellowish gray (5 Y 8/l) , 
moderately indurated , cross-stratified , 
siderite concr etions 
LIGNITE , poorly developed 
MUDSHALE , light olive gray (5 Y 6/l) , 
silty 
CLAYSHALE, light olive gray (5 Y 6/ 1) , 
lignite cap 
LI GNITE 
MUDSHALE , pale yellowish orange (10 YR 
8 / 6) to light gray (N6) , blocky , lignite 
cap 
MUDSTONE , dark gray (NS) , lignite cap 
MUDSTONE , light oliv e gray (5 Y 6/ 1 ), 
fossil fragments , lime stone concreti ons 
near top 
MUDSHALE , dusky brown (5 YR 2/2) , 
carbonaceous , lignitic 
SILTSTONE , yellowish gray (5 Y 8 / 1) , 
small irregular concre tions , muddy 
MUDSHALE , dusky brown (5 YR 2/ 2) , 
carbonaceous , lignitic 
MUDSTONE , light olive gray (5 Y 6/ 1) , 
silty 
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Measured Sect i on No . 25 
Section measured in the Bullion Creek Formation , 
Center of west line , SE 1/4, NE 1 / 4 , section 15 , T . 142 
N . , R . 102 W. Measured June 6 , 1985 by Rod Perkins . 
Total thickness is 52.25 metres (cumulative thicknesses 
in brackets) . 
Thickness 
in metres 
0 . 10(52 . 25) 
0 . 70(52.15) 
7 . 00(51.45) 
l . 70(44.45) 
0 . 60(42 . 75) 
1 . 70(41 . 15) 
0 . 50(40.45) 
3 . 00(39.95) 
3.70(36 . 95) 
Top of Section 
MUDSHALE, pale brown (5 YR 5 / 2), abundant 
plant fragments. 
LIGNITE , black (Nl) , jarosite , gypsum 
COVERED 
MUDSTONE, pale yellowish (10 YR 7/6) , 
plant fragments, weathers white and pale 
yellowish orange (10 YR 8/6) . 
LIGNITE , pale brown (5 YR 5/2) to black 
(Nl), muddy , very fossiliferous 
(bivalves , gastropods) . 
SANDSTONE, light gray (N7) to pale 
yellowish orange (10 YR 8/6), poor to 
moderately indurated , sample J-6-25-12 
near top. 
MUDSTONE , pale yellowish orange (10 YR 
8/6), poorly exposed. 
MUDSTONE , very light gray (NS), iron 
concretions, sample J-6-25-11 , hard, 
bivalves near top, becomes pale yellowish 
orange (10 YR 8/6) near top. 
MUDSTONES and SILTSTONES , interbedded, 
light olive gray (5 Y 5/2) to light gray 
(N7) , weathers yellowish gray (5 Y 5/2) , 
irregular ledges, near the top there are 
some 10 to 15 cm s i ltstones which 
laterally are indurated and form ledges , 
the top 25 cm is a iron carbonate which 
breaks into small fragments and is 
somewhat continuous . 
0 . 20(32 . 25) 
1.80(33 . 05) 
1 . 40(31 . 25) 
0 . 95(29 . 85) 
4.50(28.90) 
2.50(24 . 20) 
1 . 00(21 . 90) 
0.40(20.90) 
1 . 10(20.50) 
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CLAYSTONE, pale yellowish brown (10 YR 
7/2) , very fossiliferous (gastropods , 
bivalves) , weathers pale brown (10 YR 
5/2) , weathers out abundant fossils. 
MUDSTONE , dark yellowish orange (10 YR 
6/6), weathers white to yellowish orange 
(10 YR 7/6), hard, just above the lower 
contact there is a 20 cm X 2 m limestone 
which breaks into small fragments , other 
lenses occur at the same horizon 
laterally. 
CLAYSTONE, light gray (NS) , blocky , very 
fossiliferous at base, sample J-6-25 - 10 , 
some pale yellowish orange (10 YR 8/6) 
layers . 
MUDSTONE , very light gray (NS) , some iron 
carbonate layers , abundant fossils 
(plant, gastropod , bivalves). 
MUDSTONE, yellowish orange (10 YR 7/6) to 
light gray (N7-N6) , numerous small 
limestone concretions , hard , at the top 
there is a iron rich carbonate ( . 5 m 
thick) , calcareous yellowish- orange 
bands , the bottom 20 cm is a laterally 
discontinµous siltstone which forms 
ledges . 
MUDSTONE , yellowish orange (10 YR 7/6) to 
light gray (N7-N6) , weathers mottled dark 
yellowish orange (10 YR 6/6) to medium 
gray (NS), hard , dissiminated gastropods , 
some thin siltstones. 
MUDSTONE , light olive gray (5 Y 5/2) at 
the base to pale yellowish brown (10 YR 
6/2) at the top , gastropods near the 
bottom , plant fragments . 
MUDSHALE , pale brown (5 YR 5/2), weathers 
dark yellowish brown (10 YR 4/2) , 
abundant plant fragments, lignitic , 
gypsum. 
CLAYSHALE, very light gray (NS) at the 
base to pale yellowish orange (10 YR 8/6) 
near the top , large gastropods above the 
base , sample J-6-25-9 . 
1 . 85(19 . 40) 
3 . 20(17.55) 
0 . 10(14 . 35) 
0.50(14 . 25) 
1 . 00(13 . 75) 
0 . 20(12.75) 
0 . 50(12.55) 
1 . 00(12.05) 
0.50(11.05) 
1 . 20(10 . 55) 
0 . 50(9.35) 
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MUDSHALE, pale brown (5 YR 5/2) , weathers 
dark yellowish brown (10 YR 4/2) , 
abundant plant fragments, blocky , forms 
distinctive band around valley, gypsum , 
sample J-6-25-8 , lignitic . 
SILTSTONES and CLAYSTONES, interbedded , 
yellowish gray (5 Y 7/2) to light olive 
gray (5 Y 5/2), siderite concretions in 
siltstones , very poorly exposed . 
CLAYSTONE , light olive gray (5 Y 5/2) 
LIGNITE , black (Nl), well developed, 
woody , sample J-6-25 - 7 . 
COVERED 
CLAYSTONE, light brown (5 YR 6/4) , grades 
to lignite at top. 
SILTSTONE, pale yellowish orange (10 YR 
8/6) , moderately indurated. 
CLAYSTONE, light olive gray (5 Y 5/2) , 
carbonaceous, plant fragments . 
SILTSTONE , yellowish gray (5 Y 7/2), 
poorly indurated , irregular marcasite 
concretions (sample J-6-25-6 , pyritic) . 
SANDSTONE, yellowish gray (5 Y 7/2) , 
weathers grayish yellow (5 Y 8/4) , 
irregular lower boundary , trough cross-
bedding (sets 25 cm thick , PC direct. 
N250) , cross-lamination, mudshale parting 
at . 5 m, sample J-6-25-5 from directly 
below parting , gastropods just above 
parting , plant fragments at parting , 
sandstone varies laterally in degree of 
induration but is continuous, root 
traces. 
SILTSTONE , light gray (N7) to pale 
yellowish orange (10 YR 8/6), very dirty , 
interbedded color changes, moderately 
indurated, cross stratification , 
laterally developed into well indurated 
fine grain sandstone , discontinuous, 
weathers flaggy. 
0 . 40(8 . 85) 
1.00(8.45) 
0 . 50(7 . 45) 
0 . 10(6.95) 
0 . 25(6.85) 
1 . 50(6.60) 
0 . 65(5 . 10) 
0 . 10(4.45) 
0 . 15(4 . 35) 
0.10(4 . 2) 
0 . 10(4 . 1) 
1 . 40(4 . 00) 
0.20(2 . 60) 
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CLAYSTONE , interbedded siltstones, dark 
gray (N4) to medium gray (N6), fine wavy 
bedding , small root molds. 
MUDSTONE , yellowish orange (10 YR 7/6) , 
silty, some interbedded gray (NS), 
becomes fissile towards the top . 
CLAYSHALE, light grayish green (5 GY 7/1) 
to black (Nl) , very fissile (thin) , 
abundant plant fossils, gastropods , 
capped by 2 cm lignite . 
LIGNITE, trace of jarosite, breaks into 
small pieces. 
CLAYSTONE , light o l ive gray (5 Y 5/2) , 
blocky, breaks into small sharp 
fragments, plant fragments . 
SILTSTONE , light gray (N7), weathers 
very pale orange (10 YR 8/6), oval iron 
concretions (3 to 10 cm), gradational 
lower contact , no sedimentary structures , 
poor exposure and induration , sample J-6-
25-4 form near the base. 
CLAYSTONE , medium gray (NS) to yellowish 
orange (10 YR 7/6) , 2 cm lignite layer at 
15 cm from the base. 
CLAYSTONE , yellowish orange (10 YR 7/6) 
SILTSTONE , light dusky yellow (5 Y 7/4), 
moderate induration , no structures. 
CLAYSTONE, medium gray (N5) . 
CLAYSTONE , dark yellowish orange (10 YR 
6/6) . 
SILTSTONE, dusky yellow (5 Y 8/6) , 
weathers pale yellowish orange (10 YR 
8/6) , cross-laminated , planar laminated , 
poorly indurated , iron concretions 
(sample J-6-25-3), sample J-6-25-2 from 
near the top in planar lamination . 
CLAYSTONE, trace of silt, gastropods , 
gradational lower contact. 
1 . 25(2 . 40) 
0 . 10(1 . 15) 
0 . 10(1 . 05) 
0 . 65(0 . 95) 
0.30(0 . 30) 
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MUDSTONE , dusky yellow (5 Y 6/4) , 
weathers grayish yellow (5 Y 8/4), sparse 
gypsum crystals. 
LIGNITE, black (Nl) , powdery , shaley . 
CLAYSTONE , moderate brown (5 YR 4/4) , 
very carbonaceous. 
CLAYSHALE, light olive gray (5 Y 6/1), 
weathers to a very light gray (NS) to 
yellowish gray (5 Y 7/2) , finely fissile , 
plant fragments, at one metre from bottom 
there ls a 3 to 5 cm iron and gypsum 
layer (sample J-6-25-1) which contains 
both vertebrate (fish scales , vertebrae) 
and invertebrate (gastropods, bivalves) 
fossils , the unit forms small ledge . 
LIGNITE , black (Nl) , hard , jarosite, 
gypsum , at least 30 cm thick . 
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Measured Section No . 26 
Section measured in the Bullion Creek Formation . 
SE 1/4 , NE 1/4 , NW l/4, section 15, T . 142 N . , R . 102 
w., Billings County , North Dakota . Measured on June 6 , 
1985 by Rod Perkins . Total thickness is 21.82 metres 
{cumulative thicknesses in parentheses) . 
Thickness 
in metres 
0 . 20(21. 82) 
0 . 60(21 . 62) 
3.70(21 . 02) 
0.50(17.32) 
1 . 10(16.82) 
1.20(15 . 72) 
0.10(14.52) 
1.20(14 . 42) 
1 . 30(13.22) 
0 . 70(11.92) 
Top of Section 
SANDSTONE, light brown (5 YR 5/6) , cross-
stratified, poorly indurated and exposed 
CLAYSTONE , moderate brown (5 YR 4/4), 
very organic , plant fragments , sample 
J - 6-26-10, fissile to blocky 
COVERED 
SILTSTONE, pale yellowish orange (10 YR 
8/6), dirty 
SANDSTONE , pale yellowish orange (10 YR 
8/6) , poorly to well indurated , cross-
stratified 
CLAYSTONE, pale yellowish brown (10 YR 
6/2) , plant fragments, some thin 
siltstone beds near the top , blocky 
towards the bottom , fine wavy bedded 
LIGNITE , pale brown (5 YR 5/2) to black 
{Nl) , jarosite , plant fragments 
SANDSTONE, light gray (NS), weathers pale 
yellowish orange (10 YR 8/6) , poorly 
indurated , no structures, 10 cm siderite 
concretions , sample J-6-26-9 from middle 
SILTSTONES and MUDSTONES , interbedded, 
yellowish orange (10 YR 7/6) to light 
olive gray (5 Y 5/2), laminated , 
gradational into sandstone above 
MUDSTONE, light olive gray (5 Y 5/2), 
weathers white mottled with yellowish 
gray ( 5 Y 7 /2) 
0 . 50(11 . 22) 
0 . 50(10 . 72) 
0 . 20(10 . 22) 
0 . 15(10 . 02) 
0.75(9 . 87) 
0 . 35(9 . 12) 
0 . 30(8 . 77) 
1.20(8.47) 
1.10(7.27) 
0 . 10(6 . 17) 
0 . 30(6.07) 
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SILTSTONE, pale yellowish orange (10 YR 
8/6), laminated, small siderite 
concretions 
CLAYSTONE, pale yellowish orange (10 YR 
8/6) , silty toward the top , gastropods 
throughout (sample J-6-26-8 
CLAYSTONE, grayish green (5 G 7/1) , 
weathers white mottled with yellowish 
gray (5 Y 7/2), carbonaceous , gastropods , 
4 cm gray brown (5 YR 4/2) cap 
CLAYSTONE, grayish green (5 GY 7/1), 
weathers white mottled with yellowish 
gray (5 Y 7/2), carbonaceous, gastropods , 
4 cm gray brown (5 YR 4/2) cap 
SANDSTONE , yellowish orange (10 YR 7/6) , 
weathers very pale orange (10 YR 8/6), 
poorly to well indurated, oval siderite 
concretions (2-3 cm), vertical root 
concretions, sample J-6-26-7, no 
sedimentary structures 
CLAYSHALE, very pale orange (10 YR 8/2) , 
becomes silty towards top, vertical root 
concretions from above sandstone, fissile 
CLAYSTONE, very pale brown (5 YR 6/2), 
weathers pale yellowish brown (10 YR 
6/2) , very carbonaceous , plant material 
at top 
CLAYSTONE , very pale yellowish orange (10 
YR 9/6) , large gastropods, plant 
fragments , well indurated 
CLAYSTONE , very light gray (NS) to pale 
yellowish orange (10 YR 8/6), well 
indurated, disseminated gastropods, 
bivalves , and plant fragments , sample 
J-6 - 26-5 from near base, at 1 . 10 m there 
is 3-4 cm fossiliferous layer , there is 
iron stained layer which contains gypsum 
crystals and forms a small ledge (sample 
J-6-26-6) 
CLAYSTONE, light brown (5 YR 6/4) , 
abundant plant fragments 
LIGNITE, moderately developed , jarosite , 
sample J-6-26-4 , stained with iron oxide 
0 . 30(5 . 77) 
1.50(5.47) 
0 . 70(3.97) 
0.10(3 . 27) 
0.10(3 . 17) 
1 . 60(3.07) 
0 . 70(1.47) 
0 . 07(. 77) 
0. 70 { . 70) 
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CLAYSTONE, light olive gray (5 Y 5/2), 
abundant plant fragments 
SILTSTONE, dusky yellow (5 Y 6/4) , 
weathers pale yellowish orange (10 YR 
8/6), poorly exposed and indurated, 
siderite concretions, cross stratified , 
some siltier beds than others 
CLAYSTONE , very pale yellowish orange (10 
YR 9/6), weathers white mottled with pale 
yellowish orange (10 YR 8/6) , abundant 
plant fragments 
CLAYSTONE , very carbonaceous , abundant 
plant fragments, bivalves , sample 
J-6-26-3, lignitic 
CLAYSTONE, light olive gray (5 Y 5/2) 
CLAYSHALE TO CLAYSTONE, dark yellowish 
orange (10 YR 6/6) , weathers white , 
finely fissile near bottom , at lower 
contact is 2 cm layer of siderite (?), 
sample J-6-26-2 , discontinuous 
SILTSTONE, very pale yellowish orange (10 
YR 9/6) , weathers pale yellowish orange 
(10 YR 8/6) mottled with white, 
moderately indurated , disseminated 
gastropods 
LIGNITE, poor to well developed , abundant 
plant fragments, distinctive 
CLAYSTONE, light olive gray (5 Y 5/2) , 
weathers grayish yellow (5 Y 8/4), some 
gray (N7) , finely blocky , breaks into 
small sharp fragments, disseminated 
gypsum crystals , sample J-6-26-1 , becomes 
iron stained towards the top 
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Measured Section No . 27 
Section measured in the Bullion Creek Formation . 
NW 1/4 , SE 1 / 4 , SE 1/4 , section 15 , T . 142 N., R . 102 
W., Billings County, North Dakota . Measured on June 10 , 
1985 by Rod Perkins . Total thickness is 73 . 05 metres 
(cumulative thicknesses in parentheses) . 
Thickness 
in metres 
1.00(73 . 05) 
6 . 00(72 . 05) 
0 . 60(66 . 05) 
6.00(65.45) 
1 . 20(59 . 45) 
0.50(58 . 25) 
3 . 80(57 . 75) 
4.50(53.93) 
0 . 60(49 . 45) 
2 . 50(48 . 85) 
Top of Section 
LIGNITE, well developed, sample J - 10--
27-8 , laterally petrified wood at this 
level 
COVERED 
LIGNITE, pale brown (5 YR 5/2) , poorly 
exposed , poorly developed, muddy 
SANDSTONE , light gray (N7) to very pale 
yellowish orange (10 YR 9/6) , poorly 
indurated with some better indurated 
sandstone laterally, sample J-10-27 - 7 
from middle 
CLAYSTONES and MUDSTONES , interbedded , 
gypsum crystals , iron carbonate layer at 
top 
LIGNITE , moderate brown (5 YR 3/4) , 
poorly developed, muddy 
SANDSTONE, pale yellowish orange (10 YR 
8 / 6), some light gray (N7) , better 
indurated laterally 
SILTSTONES and CLAYSTONES , thinly 
interbedded , pale yellowish orange (10 YR 
8/6) 
MUDSHALE, medium gray (N5) to black (Nl) , 
interbedded mudstone and lignite 
COVERED 
1.80(46.35) 
1.80(44 . 55) 
1 . 50(42.75) 
3.00(41.25) 
1 . 00(38 . 25) 
1 . 50(37.25) 
0 . 60(35.75) 
1 . 70(35 . 15) 
0 . 10(33 . 45) 
0 . 20(33 . 35) 
0 . 10(33 . 15) 
6 . 40(33 . 05) 
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MUDSTONE, light olive gray (5 Y 5 / 2) and 
dark yellowish orange (10 YR 6/6) , 
carbonaceous cap 
SANDSTONE, pale yellowish orange (10 YR 
8 / 6), sample J-10-27-6 
MUDSTONE, light olive gray (5 Y 5/2) to 
dark yellowish orange (10 YR 6/6) 
SANDSTONE , light gray {N7), poorly 
indurated, structureless, 5 cm ligni te 
cap 
LIGNITE , pale brown (5 YR 5/2), poorly 
developed , muddy 
CLAYSTONE , dark yellowish orange (10 YR 
6/6) 
LIGNITE , moderate brown (5 YR 3/4) , 
interbedded mudstones 
CLAYSTONES and SANDSTONES , interbedded , 
light olive gray (5 Y 5/2) and yellowish 
gray (5 Y 7/2) 
LIGNITE, pale brown (5 YR 5/2) , poorly 
developed 
CLAYSTONE, light olive gray (5 Y 5/2) 
LIGNITE, pale brown (5 Y 5/2) , poorly 
developed 
MUDSTONES and SILTSTONES, interbedded , 
light bluish gray (5 B 7/1) to greenish 
gray (5 G 6/1) , thin limestone 
concretions , some possible discontinuous 
sandstones 
5.00(26 . 65) 
2.70(21 . 65) 
0.20(18.95) 
5 . 40(18 . 75) 
0 . 80(13 . 35) 
0 . 50(12 . 55) 
0 . 75(12 . 05) 
0 . 75(11.30) 
0 . 60(10 . 55) 
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SILTSTONE, yellowish gray (5 Y 5/2) , with 
laterally discontinuous sandstone bodies , 
sandstones bodies are 10 to 30 cm thick , 
laterally persistent for lOO's of meters , 
well indurated, and are cross-laminated , 
the siltstone contains small round 
siderite concretions, and abundant 
molluscan and vertebrate fossils 
fragments at base of sandstone bodies, 
sample J-10-27-5 is sandstone from base 
of the sequence of sandstones , sample 
J-10-27-4 is from basal lag 
CLAYSTONE, greenish gray (5 GY 6/ 1) , 
layer of weathered out dark yellowish 
orange (10 YR 6/6) limestone concretions 
in middle , bivalves near top 
LIGNITE 
CLAYSTONES and MUDSTONES, interbedded , 
with laterally discontinuous sandstone 
bodies , sample J-10-27-lA and lB of leaf 
imprints in claystone , samples J- 10-27-2A 
and 2B are of vertebrate fossils (slope 
wash) 
CLAYSTONE , very pale brown (5 YR 6/2), 
gastropods, bivalves , capped by thin 
lignite 
LIGNITE , pale brown (5 YR 5/2) , muddy 
SILTSTONE, pale yellowish orange (10 YR 
8/6) , poorly indurated , large siderite 
concretions 
CLAYSTONE , yellowish orange (10 YR 7/6) 
LIGNITE , pale brown (5 YR 5/2) to black 
(Nl) , poor l y developed 
0 . 50(9.95) 
0 . 15(9 . 45) 
2.20(9 . 30) 
0.50(7 . 10) 




CLAYSTONE, light olive gray (5 Y 5/2), 
plant fragments 
LIGNITE, well developed , woody 
CLAYSTONE, yellowish orange (10 YR 7/6), 
sandy, discontinuous sandstone bodies 
laterally 
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Measured Section No . 28 
Section measured in the Bullion Creek Formation. 
center of NW 1/4, section 22, T . 142 N., R . 102 W., 
Billings County, North Dakota . Measured June 11, 1985 
by Rod Perkins . Total thickness is 57 . 80 metres 
(cumulative thicknesses in parentheses) . 
Thickness 
in metres 
l.00(57 . 80) 
5 . 00(56.80) 
0 . 40(51.80) 
0 . 60(51.40) 
0.40(50.80) 
0 . 60(50.40) 
4 . 20(49.80) 
1 . 00(45.60) 
1.30(44.60) 
0 . 20(43.30) 
0.60(43.10) 
0.20(42.50) 
0 . 40(42.30) 
Top of Section 
LIGNITE, well developed, some scoria 
above 
COVERED, possibly some sandstones 
MUDSHALE , moderate brown (5 YR 3/4) 
CLAYSTONE, greenish gray (5 GY 6/1) 
MUDSTONE, pale brown (5 YR 5/2) 
LIGNITE, well developed , poorly exposed, 
gypsum crystals, laterally petrified 
trees 
SANDSTONE, light gray (N7) to white (N9) , 
well indurated sandstone bodies in poorly 
indurated sand (oriented Nl50, cross-
stratified} 
CLAYSTONE, light olive gray (5 Y 5/2), 
poorly exposed 
SANDSTONE, pale yellowish orange (10 YR 
8/6) to light gray (N7} (fresh surface), 
siderite concretions 
LIGNITE, moderate brown (5 YR 3/4), muddy 
CLAYSTONE, light olive gray (5 Y 5/2) , 
blocky 
LIGNITE, moderate brown (5 YR 3/4), muddy 
SILTSTONE, pale yellowish orange (10 YR 
8/6) 
2 . 60(41.90) 
1.20(39 . 90) 
2.20(38.10) 
1.00(35 . 90) 
0.10(34 . 90) 
0 . 50(34 . 80) 
0 . 10(34.30) 
3 . 00(34.20) 
0.20(31.20) 
0.40(31 . 00) 
1 . 00(30.60) 
1.00(29 . 60) 
2.10(28 . 60) 
2.40(26 . 50) 
1.50(24 . 10) 
0 . 40(22.60) 
0.90(22.20) 
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CLAYSTONE, pale yellowish orange (10 YR 
8/6), thin lignite at 75 cm from base 
SANDSTONE, light gray (N7), faintly 
cross-stratified, siderite concretions, 
forms subtle ledges 
CLAYSTONE, yellowish orange (10 YR 7/6) 
to light gray (N7) 
CLAYSTONE, light gray (N7), capped by 5 
cm fossiliferous , pale brown (5 YR 5/2) 
claystone 
LIGNITE, pale brown (5 YR 5/2) , muddy 
MUDSTONE, pale yellowish orange (10 YR 
8/6) 
LIGNITE, moderate reddish brown (10 YR 
4/6) 
CLAYSTONES and SILTSTONES, interbedded, 
pale yellowish orange (10 YR 8/6) , 
greenish gray (5 GY 6/1) near top 
MUDSTONE , pale brown (5 YR 5/2), 
lignitic, gastropods 
CLAYSTONE, light olive gray (5 Y 6/1) 
SILTSTONE, light gray (N7), large iron 
concretions 
CLAYSHALE, dark yellowish orange (10 YR 
6/6) 
SANDSTONE, pale yellowish orange (10 YR 
8/6), cross-laminated (paleocurrent 
direction is Nl50), siderite concretions 
CLAYSTONE, dark yellowish orange (10 YR 
6/6), 5 cm layer stained with iron oxide 
SILTSTONE, pale yellowish orange (10 YR 
8/6), large siderite concretions 
LIGNITE , pale brown (5 YR 5/2), muddy 
CLAYSTONE , olive gray (5 Y 4/1) 
0 . 60(21 . 30) 
0 . 70(20 . 70) 
0 . 20(20 . 00) 
3 . 30(19 . 80) 
2 . 20(16 . 50) 
2 . 60(14.30) 
0 . 30(11.70) 
0 . 50(11.40) 
0 . 60(10 . 90) 
0 . 30(10 . 30) 
0.60(10 . 00) 
0 . 20(9.40) 
0.80 ( 9 . 20) 
1 . 90(8.40) 
0 . 40(6 . 50) 
1. 10(6 . 10) 
5 . 00(5.00) 
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LIGNITE, pale brown (5 YR 5/2), muddy , 
some well developed lignite 
MUDSTONE 
MUDSTONE, moderate brown (5 YR 4/4) 
SILTSTONES and MUDSTONES, interbedded , 
poorly exposed 
MUDSTONE , light bluish gray (5 B 7/1) , 
layer of abundant gypsum crystals half 
way up 
CLAYSTONE , light olive gray (5 Y 6/1) , 
iron carbonate concretion layers, 
lenticular sandstones laterally 
CLAYSTONE, olive gray (5 Y 4/1) 
LIGNITE , pale brown (5 YR 5/2), muddy , 
poorly developed 
SILTSTONE, pale yellowish orange (10 YR 
8/6) , siderite concretions 
MUDSTONE, olive gray (5 Y 4/1) 
SILTSTONE, pale yellowish orange (10 YR 
8/6), siderite concretions 
SILTSHALE , pale yel l owish orange 
8/6), laminated , fissile 
LIMESTONE , laterally discontinuous , 
vertical fractures 
10 YR 
CLAYSTONE , yellowish orange (10 YR 7/6) 
MUDSTONE , pale brown (5 YR 5/2) , lignitic 
MUDSTONE , olive gray (5 Y 4/1) 
SANDSTONE, yellowish gray (5 Y 8/1), 
structureless , lag deposits (sticks, 
molluscan fossils), moderately to well 
indurated 
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Measured Section No . 29 
Section measured in the Bullion Creek Formation . 
SE 1/4, NE 1/4 , SE 1/4, section 15 , T . 142 N., R . 102 
W. , Billings County , North Dakota . Measured June 13 , 
1985 by Rod Perkins. Total thickness ls 71.70 metres 
(cumulative thicknesses in parentheses) . 
Thickness 
in metres 
0 . 50(71.70) 
l . 80(71 . 20) 
3 . 40(69 . 40) 
1.10(66 . 00) 
2 . 00(64.90) 
0 . 50(62 . 90) 
3 . 40(62 . 40) 
0 . 20(59 . 00) 
2 . 00(58.80) 
4 . 10(56.80) 
0 . 90(52 . 70) 
Top of Section 
LIGNITE, petrified trees 
COVERED, most likely claystone, light 
gray (N7) 
SANDSTONE, light gray (N7) , cross-
bedded, cross-laminated , siderlte 
concretions , laterally continuous 
CLAYSHALE , pale yellowish orange (10 YR 
8/6), fissile , poorly exposed 
COVERED, appears to be gray mudstone 
MUDSTONE , light olive gray (5 Y 5 / 2) to 
moderate brown (5 YR 4/4), carbonaceous 
cap, forms distinctive gray bed 
MUDSTONES and SILTSTONES, interbedded , 
pale yellowish orange (10 YR 8/6) , 
gradatlonal upward to mudstone only 
MUDSHALE, light olive gray (5 Y 5/2) to 
moderate brown (5 YR 4/4) , fossiliferous 
SILTSTONES and MUDSTONES, interbedded, 
pale yellowish orange (10 YR 8/6) 
SANDSTONE , very pale yellowish orange (10 
YR 9/6) , cross-bedded, horizontal 
siderite concretions, moderately 
lndurated, laterally continuous 
(distinctive) , sample J-13-29-5 from 1 m 
below top 
CLAYSTONE, yellowish orange (10 YR 7/6) 
0.20(52.80) 
0 . 90(51.60) 
1 . 20(50.70) 
1 . 70(49.50) 
0.90(47.80) 
1.50(46.80) 
0 . 20(45 . 40) 
0 . 30(45 . 20) 
1 . 70(44.90) 
0 . 40(43 . 20) 
0 . 20(42.80) 
0.50(42.60) 
0.30(42.10) 
0 . 40(41.80) 
14 . 10(41.40) 
0.80(27 . 30) 
1 . 50(26 . 50) 
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LIGNITE 
MUDSTONE, light olive gray (5 Y 5/2) 
MUDSTONE, pale brown (5 YR 5/2), very 
carbonaceous, lignitic 
COVERED , most likely light olive gray (5 
Y 5/2) mudstone, also , possibly a light 
gray sandstone 
LIGNITE, very poorly exposed 
SILTSTONES and CLAYSTONES , interbedded 
MUDSTONE, light gray (N7) 
SANDSTONE, Light gray (N7) , nondescriptive 
SANDSTONES and MUDSTONES , interbedded, 
siderite concretions, poorly indurated 
MUDSTONE, light olive gray (5 Y 5/2) 
CLAYSTONE, dark yellowish orange (10 YR 
6/6) , distinctive band 
SILTSTONE, pale yellowish orange (10 YR 
8/6) 
CLAYSHALE, dark yellowish orange (10 YR 
6/6) 
CLAYSTONE, light olive gray (5 Y 5/2) , 
some orange layers 
SILTSTONE, light bluish gray (5 B 5/2), 
numerous iron carbonate concretions , at 
12 m there is a lenticular sandstone (0.1 
m wide, 0 . 5 m thick, long axis oriented 
N300, pale yellowish orange (10 YR 8 / 6) , 
sample J-13-29-5), sample J-13-29-4 at 
approximately 10 m, dark yellowish orange 
(10 YR 6/6) layers occur as bands 
SANDSTONE , yellowish gray (5 Y 8/1) , 
poorly to moderately indurated, poorly 
exposed 
CLAYSTONE , light olive gray (5 Y 6/1) 
1 . 50(25 . 00) 
0.70(23.50) 
0 . 40(22 . 80) 
0 . 50(22 . 40) 
0 . 60(21.90) 
1 . 00(21 . 30) 
1 . 40(20 . 30) 
3.00(18.90) 
0 . 40(15 . 90) 
1 . 90(15.50) 
0.40(13.60) 
1 . 10(13 . 20) 
1 . 60(12.10) 
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SILTSTONE, light gray (N7), cross-
laminated, siderite concretions , poorly 
exposed 
CLAYSTONE , light olive gray (5 Y 6/1) , 
thin carbonaceous layers 
MUDSHALE, dark yellowish orange (10 YR 
6/6), fissile 
SILTSTONES and MUDSTONES , interbedded , 
pale yellowish orange (10 YR 8/6) , 
siltstones are planar-stratified , cross-
laminated , burrowed , flaggy near top , 
contain round limestone concretions (50 
cm in diameter) , and appear to be 
laterally extensive 
SILTSTONE, light gray (N7) , structure-
less , moderately indurated 
CLAYSHALE, pale yellowish orange (10 YR 
8/6), becomes silty upwards 
COVERED, possibly gray sandstone and 
mudstone 
SILTSTONES and CLAYSTONES , interbedded , 
pale yellowish orange (10 YR 8/6), 
siderite concretions in siltstones , beds 
greater than 5 cm . 
MUDSHALE , pale brown (5 YR 5/2) to black 
(Nl), very carbonaceous , very fissile , 
plant fragments , plant fragments , sample 
J -1 3-29-3 
MUDSTONE, light olive gray (5 Y 5/2) , 
plant fragments 
LIGNITE , well developed 
MUDSTONE , light olive gray (5 Y 5/2) , 
gradational to moderate brown (5 YR 4/4) 
near top 
MUDSTONE , pale yellowish orange (10 YR 
8/6) to yellowish gray (5 Y 7/2) , festoon 
cross laminated (N230) , vertical burrows 
(rare), siderite concretions , some thin 
mudstone layers near base , better 
indurated at top 
0 . 50(10 . 50) 
1 . 00(10 . 00) 
0 .1 0(9 . 00) 
1 . 30(8 . 90) 
0 . 40(7 . 60) 
0.20(7 . 20) 
1.70(7.00) 
0 . 30(5 . 30) 
0 . 50(5 . 00 ) 
0 . 20(4.50) 
0 . 30(4.30) 
0 . 80(4 . 00) 
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CLAYSHALE , pale yellowish orange (10 YR 
8/6) 
MUDSHALE , mottled pale yellowish orange 
(10 YR 8/6) and light gray (N7) , capped 
by carbonaceous layer 
LIGNITE , poorly developed 
SILTSTONE , light gray (N7) becoming pale 
olive (10 Y 6/2) near top, becomes silty 
near top, gradational lower boundary 
CLAYSHALE, yellowish orange (10 YR 7/6) , 
burrowed at top , fissile 
CLAYSTONE , gray (N6) to pale brown (5 YR 
5/2) 
SANDSTONE , alternating light gray (N7) 
and pale yellowish orange (10 YR 8/6), 
cross-bedded , vertical root concretions , 
burrows, moderately to well indurated 
MUDSTONE, light gray (N7) , fissile, 
carbonaceous cap (5 cm, pale brown (5 YR 
5/2) 
SANDSTONE , pale yellowish orange (10 YR 
8/6) to light gray (N7) , cross-
stratified, poorly indurated 
CLAYSHALE , yellowish orange (10 YR 7/6) , 
f i nely fissile 
SILTSTONE , pale yellowish orange (10 YR 
8/6) , cross-laminated 
SANDSTONE , yellowish gray (5 Y 8/1) , 
cross-bedded , siderite concretions , 
moderately indurated, sample J-13-29-l 
from near base , sample J-13-29-2 from 
near top 
0.50(3 . 20) 
2 . 20(2.70) 
0. 50 ( . 50) 
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CLAYSHALE, pale yellowish orange (10 YR 
6/6) and light gray (N7), laminated, 
fissile 
CLAYSTONE, yellowish gray (5 Y 8/1) to 
light gray (N7), fossiliferous 
(gastropods, bivalves) at 70 cm from the 
base , carbonaceous cap 
LIGNITE, well developed 
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